
LIBRARY 

New Delhi 


Call No. 


Acc. No. 





THE 


PROCEEDINGS 

or Tim 

LititiEnti Society 


or 

New South Wales 


FOIC THE YEAR 

194 7 

VOL. LXXII. 


WITH TWENTY-THREE PLATES. 
219 Text-Ggure». 


Sydney : 

WaNTKD AND PUBLISHED FOB THE SOCIETY BY 

AUSTRALASIAN MEDICAL PUBLISHING CO. LTD,. 
Seatner Street, Glebe, Sydney, 
and 

SOLD BY THE SOCIETY. 

1947 



11 


CONTENTS OF PROCEEDINGS, 1947. 


PARTS WI (Nos. 329-330). 

(IsHued i$rd June, tH^7.) 

Pages. 

Presidential Address, delivered at the Seventy-second Annual General Meeting, 

26th March, 1947, by A. R. Woodhlll, B.Sc.Agr 1-xi 

Elections xl 

Balance Sheets for the Year ending 28th February, 1947 xil-xlv 

Abstract of Proceedings xv 

Bryosoa from the Lower Carboniferous of New South Wales and Queensland. 

By Joan Crockford, M.Sc. (Plates l-vi and fifty-one Text^flgures.) . . . . 1-48 

The Utilization of Fumarate and Malate by Mscherichia coti in the presence of 
Molecular Hydrogen. By June Lascelles, Linnean Macleay Fellow of the 
Society In Biochemistry, and J. L. Still, (Two Text-figures.) 49-67 

Notes on Australian Mosquitoes (Dlptera, Cullcidae). Part vii. The 

Jfiarpagomyia, By R. H. Wharton, B.Sc. (Twelve Text-figures.) 68-68 

Reptiles occurring above the Winter Snowline at Mt, Kosciusko. By Stephen J. 

Copland, B.Sc 69-72 

Thev^lpfiuence ol Molybdenum and Vanadium on Nitrogen Fixation by 
Ifutt/ricum and Related Organisms. By H. L. Jensen, Macleay 
iKiisleriologlst to the Society, and Donald Spencer, B.Sc. (Plate vii.) 78-86 





PARTS IIMV (Nob. 331-332). 
(Issued 15th September, 1947.) 


Petrological Studies in the Ordovician of New South Wales, iv. The Northern 
Extension of the North-east Victorian Metamorphlc Complex. By Germaine 
A. Joplin, B.Sc., Ph.D. (Plate xv and ten Text-figures.) 

The Diptera of the Territory of New Guinea, xlv. Family Tabanidae. Part ii. 
Pangoniinae, except the Genus Chrysops. By .H. Oldroyd, M.A., F.R.E.S. 
{Communicated hy Dr, O. A, M. Heydon,) (Nine Text-figures.) 

Revision of Australian Lepidoptera, Oecophoridae. xiv. By A. Jefferls Turner, 
M.D., F.R.E.S 

Some Observations on the Cytology of Oogenesis in the Sydney Rock Oyster 
(Oj?frea commercialia 1. & R.). By K. W. Cleland. (Plates xvi~xx and four 
Text-figures. ) 

On Fossil Leaves (Oleaceae) and a New Type of Fossil Pollen Grain from 
Australian Brown Coal Deposits. By Isabel C. Cookson, D.Sc. (Conimuni’ 
cated bp Dr. W. R, Browne,) (Plates vlil-x and four Text-figures.) . . 

Australian Bupreatidae: Description of Three New Species of the Genus 
^^tigmodera. By C. Deuquet, B.Com. (Three Text-figures.) 

The Calcium Content of Legume Root^^odules. By H. L. Jensen, Macleay 
Bacteriologist to the Society 

Fossil Fungi from Tertiary Deposits in the Southern Hemisphere. Part i. By 
Isabel C. Cookson^ D.Sc. {Communicated by Dr, W, R, Browne,) (Plates 
xl-xlv.) 

Studies on the Economic Biology of the Sand Whiting {SiUagb ciliata C, Ik V.). 
By K. W, Cleland. (Four Text-figures.) 

Miscellaneous Notes on Australian Diptera. xlii. The Origin of the Vena 
Bpuria, By G. H. Hardy. (Four Text-figures.) . . 


Pages. 

87^124 

125-142 

143-158 

159-182 

183-197 

199-202 

208-206 

207-214 

215-228 


229-282 



Iv 


CONTENTS. 


PARTS V-VI (Nos. 833-334). 
{lasued 15th January, 19^8.) 


Pages. 

A Review of the Genus Uendrobium (Orchidaceae) in Australia. By the Rev. 

H. M. R. Rupp, B.A., and Trevor E. Hunt. (Five Text-figures.) 233-261 

LarvaJ Smarididae (Acarina) from Australia and New Guinea. By H. V. 

Southcott, M.B., B.S., D.T.M. & H. (Sydney). (Eight Text-figures.) .. .. 252-264 

Nitrogen-fixation in Leguminous Plants, vil. The Nitrogen-fixing Activity of 
Root Nodule Tissue In Mcdirago and Trifolium, By H, L, Jensen, Macleay 
Bacteriologist to the Society, (One Text-figure.) 265-291 


On Australian Coleoplera. Part I, By J. W. T. Armstrong. (One Text-figure, ^ 292-298 

The Influence of Molybdenum, Calcium, and Agar on Nitrogen-fixation by 
Azotoimcter indicum. By H. L. Jensen, formerly Macleay Bacteriologist to 


the Society. (Plate xxiii and two Text-figures.) 299-310 

Strongyluria dmnsi, n. sp. (Nematoda), from the stomach of a Lizard, 
Diporiphora auatraJis. By P. 1). Harwood. (Covimunivotf'd hp Dr. 0. A. 
fieydonA (One Text-figure.) 311-312 

Australasian Ceratopogonidae (Diptera, NematoceraL Part 1. Relation to 
Disease, Biology, General Characters, and Generic Classification of the 
Family, with a Note on the Genus Ceratopogon, By D. J. Lee, B.Sc. 
(Twenty-three Text-figures. ) 313-331 

Australasian Ceratopogonidae (Diptera, Nematocera). Part II. The 
L€ptO()onopH Group of Genera. By D. J. Lee, B.Sc. (Plate xxi; thirteen 
Text-figures.) 832-338 

Australasian Ceratopogonidae (Diptera, Nematocera). Part III. The Hezzia 
Group of Genera. By D. J. Lee. B.Sc. (Plate xxi, Fig. 5; eight Text- 
figures.) .. 339-344 

V 

Australasian Ceratopogonidae (Diptera, y Part IV. The i:iHlobezzia i 

Group of Genera. By D. J. Lee, B.Sc, ’^i^iate xxii; twenty-three Text- 
ftfures.) 346-856 

Simuliidae (Diptera, Nematocera) from New Guinea, with the Description of 

One New Species. By R. H. Wharton, B.Sc. (Twenty-three Text-figures.) 867-366 

Wahlcnbergia limenophylax. An Unintentional Orthographic Error. By N. 

Lothian 366 

Studies in the Metabolism of Normal and Regenerating Tissue of the Earth- 
worm, I^art I. Factors affecting the Endogenous Oxygen Consumption of 
Normal and Regenerating Muscle Tissue. By B. R. A. O'Brien. (Eight 
Text-figures.) 387-378 

Resistance to Barley Leaf Rust (Pwccinia anomala Rost). By 1. A. Watson and 

F. C. Butler 879-886 

Abstract of Proceedings . . xvi-xlx 

List of Members xx-xxlV 

List of New Genera and Species xxV 

List of Plates . , x^vi 


xxvll-xxx 


General Index 



ANNUAL OENBBAL MEETING. 

W*a>H»8DAY, 26th Mabch, 1947. 

The Seventy-second Annual Genera! Meeting was held in the Soclety*8 Rooms, Science 
House, Gloucester Street, Sydney, on Wednesday, 26th March, 1947. 

Mr. A. R. Woodliin, B.Sc.Agr., President, occupied the Chair. 

The minutes of the preceding Annual General Meeting (27th March, 1946) were read 
and confirmed. 


PllKHIDKNTIAL AmmKSH. 

The first complete year since the Second World War ended has come to a close and 
the return of many members of their normal peace-time activities has had a marked 
effect upon the Society. Attendance at meetings has shown a definite increase, library 
fad 11 ties have been more fully utilized and there has been a notable increase In the 
numbers of undergraduates and of more recent university graduates seeking membership. 

As is usual, the first part of my address is devoted to a brief review of the Society’s 
activities during the past year. 

Parts 5“6 of Volume Ixx (1945) of the Proceeuinoh, which should have been printed 
on IBth December, 1945. were not issued until 15th July, 1946. Volume Ixx (consisting 
of 345 4 xli pages, thirteen plates, 216 text-figures and two maps) contained twenty-seven 
papers on various branches of Natural History. The volume was considerably larger 
than that for the preceding year, though still somewhat smaller than in pre-war days. 
Parts 1-2 of Volume Ixxl (1946) were issued on 6th November, 1946, approximately six 
months late. Parts 3-4 appeared on 16th January, 1947, about four months late, and 
Parts 5-6 should be issued within a few weeks, so that the delay in appearance of the 
PuocKEiHNGK, arising from industrial troubles late In 1945, is gradually being overtaken. 
It is of Interest to note tliat since the cessation of hostilities there has been an Increasing 
number of manuscripts submitted for publication as members turn from special war-time 
problems to their former Interests. 

Exchanges deceived from scientific societies and institutions totalled 1,229 for the 
year, compared with 878. 664 and 670 for the three preceding years. This very marked 
Increase was largely due to the fact that dining the year a number of foreign organiza- 
tions have resumed exchange relations and forwarded back volumes of their publications 
covering the war years. 

During the year the Council decided to establish a special book-binding fund with a 
view to building up an adequate reserve to meet the cost of binding journals when 
conditions become more normal. 

In April, 1946, Messrs. S. J. Copland and J. M, Vincent were elected to fill 
vacancies on the Council caused by the resignation of Mr. E. C. Andrews and the death 
of Mr. P, H. Taylor, and in December, 1946, Professor N. A. Burges was elected to the 
Council to fill the vacancy caused by the resignation of Professor E. Ashby. 

Since the last Annual Meeting the names of fifteen members have been added to 
the list, four members have been lost by death, and five have resigned. 

John Honeyford Campbell. C.B.E., l.S.O., who died at Ottawa, Canada, on 29th April, 
1946, was bom in the North of Ireland in 1866. He came to Australia as a young man 
and in 1884 entered the Imperial Mint, Sydney, as a junior clerk, eventually rising to 
the position of Deputy Master in 1921. In August, 1925, he was appointed to take 
charge of the Royal Mint at Ottawa, Canada, and left Australia to take up that position 
In February, 1926. Mr. Campbell Joined this Society in 1901 and remained a member 
for the remainder of his life. From the time he became a member until he left 
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Australia, he took a very active interest in the Society, servinK aa a Councillor from 
1907 until 1926, and as Honorary Treasurer from May, 1908, until 1926* Soon after 
becoming Honorary Treasurer, Mr. Campbell, together with the late Mr. F. E* Grant 
and the fathei* of the Society's pieaent auditor, Mr. F. H. Rayment, effected a great 
impi'ovemenl in the method of keeping the Society's accounts and drew up a new set 
of books which were substantially the same as those In use to*day. 

Sir George A. Julius, who died at Killara on 28th June, 1946, was born at Norwich, 
England, on 291h April, 1878, the son of a Church of England clergyman who later 
became Primate of New Zealand. After, completing his university education in New 
Zealand, George Alfred Julius went to Westeim Australia and was there employed 
as an engineer at Fremantle railway workshops. In 1907 he came to Sydney and 
founded the firm of Julius, Poole and Gibson, consulting engineers, and in 1926, when 
it was decided to establish the Council for Scientific and Industrial Research, he was 
appointed Chairman, a position which he held until his retirement in 1946. By the 
general public he will be remembered as the inventor of the ingenious automatic 
totalisator which has now been installed in many countries. Sir George Julius played 
an important part in the foundation and development of The Institution of Engineers, 
Australia, and the Standards Association of Australia, and he took an active interest In 
the Australian National Research Council. He joined this Society in 1930. 

Carl Adolph Sussmilch. who died on 6th December, 1946. was born at Sydney on 
12th February, 1875. He was educated at Fort Street High School and Sydney Technical 
College. Later he attended Sydney University and gained Honour passes in geology, 
mining and metallurgy. In 1899 he joined the New South Wales Department of 
Education and was appointed Lecturer-ln-charge of the Department of Geology and 
Mining, Sydney Technical College, in 1903. From 1914 until 1927 he was Principal of 
the Newcastle ^Technical College, and during 1923-24 he visited many technical schools 
and universities in Europe. In 1927 he became Principal of the East Sydney Technical 
School and Assistant Superintendent of Technical Education, and from 1934 until his 
retirement in 1936 he was Acting Superintendent of Technical Education, Mr, Sussmilch 
served on the Council of the Royal Society for many years, being President in 1922. 
He was awarded the Clarke Memorial Medal by the Royal Society of New South Wales 
in 1939 and delivered the Clarke Memorial Lecture in 1941. He joined this Society In 
1904 and served on the Council for a period of twelve years between 1983 and 1946 and 
was President In 1936-37. Mr. Sussmilch represented the Royal Society of Now South 
Wales at the first meeting of the Management Committee of Science House, held on 
27th December, 1928. He took a very active part in the planning of the building, and 
after the completion of Science House until a few months before his death, except for 
short periods, he was a member of the Management Committee, either as a representative 
of the Royal Society of New South Wales or of this Society. He was a Trustee of the 
Australian Museum for several years anArjor some years until shortly before his death 
he was a member of the Board of Directors of the New South Wales Society for Crippled 
Children. Mr. Suijsmilch published his bopk, '*An Introduction to the Geology of New 
South Wales", In 1911, and he also published a number of geological papers in the 
Journal of the Royal Society of New South Wales and in these Pbooeedinos, He was 
a Fellow of the Geological Society of London and also of the American Geological 
Society. 

Mr. Ralph Ellis, of the University of Kansas, U.S.A., life member, who joined the 
Society In 1932, died during the year. 

Following the visit of the survey party to the Kosciusko State Park early in 1946, 
a detailed report was prepared and submitted to the Kosciusko State Park Trust. The 
report set out the results achieved and made recommendations concerning the setting 
aside of natural history reserves, and other matters connected with the preservation 
of the native flora and fauna in the Park, During the year members of the survey party 
delivered a number of lecturettes on the geology, geography, soology and botany oi 
the Park at Ordinary Meetings of the Society. 

The nett return from Science House exceeded that received In any previous year 
and the building Is proving to be a valuable asset to the Society. When feasible, the 
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Management Committee proposes to improve the lighting and install modem projection 
equipment in the Large Hall. During the year the question of the desirability and 
feasibility of establishing a combined library and reading room in the proposed extension 
of Science House was discussed by representatives of the three owner-bodies, but as yet 
no final decision has been made. 

We oifer congratulations to Mr. E. C. Andrews on the award of the Mueller Memorial 
Medal by the Australian and New Zealand Association for the Advancement of Science; 
to Dr. W. L. Waterhouse on his appointment to a Research Professorship in the School 
of Agriculture, University of Sydney; to Dr, N. A, Burges on his appointment to the 
Chair of Botany in the University of Sydney; to Dr. S, Warren Carey on his appointment 
to the Chair of Geology in the University of Tasmania; to Mr. F. V. Mercer on the award 
of a Sydney University Commonwealth Research Fellowship, and to Mr. F. L, MlUhorpe 
on the award of the Farter Research Scholarship. 

The year’s work of the Society’s research staff may be summarised thus: 

Dr. H. L. Jensen, Macleay Bacteriologist to the Society, together with Mr. D. Spencer, 
B.Sc. (at that time an Honours student In biochemistry), has conducted an investigation 
of the effect of molybdenum on nitrogen fixation by Clostridium hutyricuni and related 
anaerobic organisms. Molybdenum was found to be essential for nitrogen fixation, but 
not for growth with combined nitrogen, and to be replaceable only by vanadium, and 
this In some strains only. Both metals represent typical “trace elements”, active In 
concentrations as low* as 0-4-0 6 % lO ’* molar. The results favour the hypothesis that 
the mechanism of biological nitrogen fixation Is essentially the same in all nitrogen- 
fixing organisms. Additional observations suggest that calcium is not essential for 
nitrogen fixation by VA. huti/tlcun? or perhaps even by leguminous plants. 

The experiments on the influence of hydrogen ion concentration on symbiotic 
nitrogen fixation in lucerne and subterranean clover have been concluded. The Inhibitory 
effect of acid soil reaction (pH 4* 7-5-0) has been found to be much more pronounced 
under conditions of partial molybdenum deficiency than when an adequate supply of this 
element is provided. A molybdenum content of some 4 to 8 parts per million of dry 
root-nodule substance appears necessary for full nitrogen-fixing efficiency of the nodule* 
tissue. A paper dealing with these experiments is in course of preparation. 

Miss Frances M. V. Hackney, blnnean Macleay Fellow- of the Society in Plant 
Physiology, carried out further investigations on the respiratory metabolism of sliced 
apple tissue supplied with various respiratory substrates and inhibitors. The results 
obtained during 1946 confirmed those obtained with apples of similar maturity during 
1946. An enzyme preparation having the properties of ascorbic acid oxidase was obtained 
from several varieties of apple. Its properties were studied in detail. The response of 
cut apple tissue to added ascorbic acid indicated that ascorbic acid oxidase might 
concerned in the respiratory metabolism. The enzyme polyphenolase was prepared from 
Granny Smith apples and its properties were studied in detail. The results indicated 
that this enzyme is probably very important in the respiratory metabolism of the apple. 

Miss June Lascelles. Linnean Macleay Fellow of the Society in Biochemistry, 
continued her studies on the oxidation of molecular hydrogen by BncheHchia coli. 
Using washed cells of E. colt, the properties of the system responsible for the uptake 
of molecular hydrogen in the presence of fumarate have been studied in detail. As 
would be expected, analysis revealed that succinate accounted for most of the disap- 
pearing fumarate. However, there was a large reduction of fumarate by donators within 
the washed cells, so that hydrogen uptake did not account for the total amount of 
fumarate disappearing. Interference by these substrates within the cells was eliminated 
by treatment of the suspensions with toluene under certain conditions. Such treatment 
also appeared to increase markedly the rate of hydrogen uptake in the presence of 
fhmarate; this was thought to be caused by the increased permeability of the bacterial 
cells to fumarate, after treatment with toluene. It was shown that the hydrogen- 
fumarate system of E, coli is dependent upon certain diffusible factors, which have yet 
to be determined. Studies with Inhibitors were carried out, using normal and toluene- 
treated cells. Some marked differences were noted with these two types of enzyme 
preparation, in their reactions to certain inhibitors, notably the nltrophenols. Thef 
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uptake ot molecular hydrogen in the presence ot malate was studied aleo. It would 
appear that the enzyme, fumarase. converts the malate to tumarate. before uptake of 
molecular hydrogen occurs. The hydrogen-malate system was inactivated by tolueue 
treatment under those conditions which resulted in an increase in the activity of the 
hydrogen-fumarate system. Otherwise, the properties of the two systems were mainly 
identical. The results of these investigations have been recorded in a paper which will 
shortly be published in these Pkookedinos. Also, Investigations were begun on the 
oxidation of molecular hydrogen In extracts of coli obtained by crushing the cells 
with ground glass. The systems responstble-for the uptake of hydrogen in the presence 
of methylene blue, nitrate, fumarate, malate and molecular oxygen were present In these 
extracts. 

Only one application for a Linnean Macleay Fellowship was received In response 
to the Council's invitation of 26th September, 1946, and I have pleasure in reminding 
you that the Council reappointed Miss June Lascelles. M.Sc., to a Fellowship in 
Biochemistry for one year from 1st March, 1947. The decline in the number of 
applications for Fellowships in recent years is undoubtedly due to the declining real 
value of money. The result is that, today, the Fellowships, which were once most 
attractive to flrst-class research workers, compare unfavourably with other Fellowships 
which are now available. The Council has already given some consideration to this 
problem. 

During the coming year Mias Lascelles proposes to investigate the systems connected 
with hydrogenase in extracts of E. coH, and an attempt will be made to identify and 
classify them. She will also investigate the properties of the enzyme, formic hydro- 
genlyase, present in the cells of E. coli. We wish her success In her coming year's work. 

A Brief Review of Phoobebs in the Contkoi. ok home Majou Aoutculthrai. Insect Pests 
IN New SoiTTU Wales duuino the Period 1920-1945. 

INTBOD0OT1ON. 

The period under review is one of considerable Interest in relation to the develop- 
ment of applied entomology in New South Wales, and indeed, throughout Australia, 
since the early nineteen-twenties wore marked by a very great expansion in entomological 
research, the effects of which became obvious during th following twenty years. Prior 
to 1920 the number of research workers was extremely limited. The Entomological 
Branch of the New South Wales Department of Agriculture had, at that time, a staff 
of three only, and the Division of Economic Entomology of the Council for Scientific 
and Industrial Research had not befm formed. By 1930, however, the staff of the 
Entomological Branch had increased to eight, and that of the Division of Economic 
Entomology numbered sixteen, all the members of these Institutions being actively 
engaged on various problems in applied entomology. This change was brought about by 
the more enlightened policy adopted by State and Federal Governments, and In particular 
by the establishment of scientific cadetships and the formation of the Council for 
Scientific and Industrial Research. In addition, the eBtablisUment. In 1922, of a full- 
time lectureship in Economic Entomology in the University of Sydney, provided a 
means whereby research workers in entomology could be trained. 

During the period under consideration a great number of carefully controlled field 
experiments on the direct control of insect pests was carried out by the New South 
Wales Department of Agriculture, and towards the latter part of the period, the 
principles of statistical analysis were increasingly applied to this work. The Division 
of Economic Entomology of the Council for Scientific and Industrial Research also 
carried out numerous field experiments in direct control, but in addition, gave increasing 
attention to fundamental studies on the ecology, physiology, population density and 
natural controlling factors associated with Insects, and as a result, a much clearer 
understanding ot many of our insect pest problems was attained. Biological control 
of insect and plant pests was also undertaken both by the New South Wales Department 
of Agriculture and the Council for Scientific and Industrial Research, and in recent 
years, much more attention has been paid by the latter Institution to the subject of 
insect toxicology. 
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The period from 1925 to 1939 was one of great activity In research in applied 
entomology In New South Wales, but with the outbreak of war the research statts 
were considerably depleted and those workers remaining were largely transferred to 
problems immediately concerned with the prosecution of the war, particularly in the 
held of medical entomology and in work connected with Increased crop production. 

At the present time there are signs of very considerable expansion in entomological 
I'osearch, largely as a result of the discovery of D.D.T., 666, and other organic 
Insecticides. These new insecticides are so extremely potent and have such a remarkable 
residual effect that they may very well revolutionize many of the standard methods of 
control. For these reasons it would seem that we are now entering on a new era In 
applied entomology and that, aided by the development of more new insecticides, the 
next twenty-five years may see even greater changes than in the preceding period which 
it is proposed to review. 

Anything like a complete detailed review of the work carried out between 1920 and 
1945 would be Quite impossible in the space available, and it Is therefore proposed to 
try to evaluate the work done in this period by selecting twenty of the major agricultural 
pests and comparing the efficiency of the control methods available in 1920 with those 
in use in 1945, the measure of efficiency being estimated in terms of actual return per 
unit urea to the grower. Considerable difftuence of opinion may exist as to the selection 
of these twenty pests, hut an attempt bus been made to select those responsible for the 
greatest losses, if uncontrolled, regardh*ss of whether or not any very marked progress 
has been made In their control during the intervening period. 

HiCn K(‘ALK OF CITRlfS. 

(AonulieUa a u run tii . ) 

This is perhaps the most widespread and destiuctive pest of citrus, and at the 
beginning of the period, it was rather imperfectly controlled by the use of red oil 
sprays and the old pot-method of fumigation with hydrocyunlt! acid gas. Both these 
treatments were liable to cause severe injury to the trees and the scale kill was 
frequently inadequate. Spraying with petroleum oil einnlsions or fumigating with 
hydrocyanic acid gas still remains the standard method of control not only in Australia 
but throughout the world. Research during the last twenty years has been mainly 
directed towards improved technique in the application of these methods. Highly 
refined white oils wdiich cause practically no injury to plant tissues have taken the 
place of tlie cruder red oils, and the old method of fumigation has been superseded 
by calcium cyanide dusts and liquid hydrocyanic acid. Considerable research has been 
directed to the timing of the sprays or fumigation, and a combination of the two 
methods has proved very satisfactory. Nevertheless, there is still room for further 
improvement, not only in Ure direct insecticidal control, but also by furtlier research 
in plant physiology, soil treatment am! possibly the use of resistant varieties. 

rilK Kltri'I TUKK HOOT Wl'.KVJl.. 

{ itn squalid us. ) 

This is one of the most serious pests of fruit trees, particularly citrus, since the 
larvae destroy the root system, and large areas of orcliard may be completely killed 
out. In 1920 little was known of the biology of this Insect and no control measures 
wore available. Subsequent research showed that th(' emergence of the adult beetles 
from the soil took place from August to November, the eggs being laid on the leaves 
and the resulting larvae making their way to the roots. Spraying with araenlcals and 
soil fumigation were shown to be ineffective, but banding of the trees with tree- 
tanglefoot and the destruction of the adult beetles by hand -col I oc ting, proved to be 
economical and efficient, particularly in citrus orchards where badly damaged trees 
have been brought back into full bearing again. These methods are not very satisfactory 
for pome fruits, hut there are indications that the new organic Insecticides will give 
excellent control for these fruits. 
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(Strumeta tryoni and CeratitU capituta.) 

Fruit*flies are probably the most serious pests of stone and pome fruits in coastal 
areas. At the beginning of the period under review, control measures consisted in 
trapping and the destruction of Infested fruit, and whilst these gave some measure of 
control, it was by no means satisfactory. During the early 1920 's, a method known as 
the foliage bait spray was evolved; this consisted in spraying small patches of foliage 
with a mixture of some sweet syrup and an arsenical, which would both attract and 
poison the flies. This proved tnuch^more efficient and economical than trapping, and 
later the bait spray was greatly improved as the result of experiments with various 
insecticides and syrups, the most efficient being a mixture of sugar solution with sodium 
fluosiUcate or tartar emetic. Recently, frequent sprayings with a mixture of sugar 
solution and nicotine sulphate have given very promising results. Whilst fruit-fly 
control in home gardens in densely populated areas is extremely difficult owing to the 
continuous influx of flies from untreated adjacent trees, there is no doubt that adequate 
control can now be obtained on a commercial scale where large areas of trees are treated, 
and the position has changed greatly since 1920. 

rUK GUEKN PEACH APHID. 

(Myzus peraicae,) 

This is one of the most serious pests of peaches, particularly in the Murrumbidgee 
Irrigation Area. When uncontrolled, enormous numbers of aphids develop on the young 
growth in spring and early summer, almost completely destroying the foliage and causing 
heavy losses of crop. In the early 1920’s control was quite inadequate, red oil being 
recommended as a dormant spray for the overwintering eggs, and nicotine sulphate 
as a spring and summer spray; but the oil was inefficient as an ovicide and the curled 
leaves later In the season gave sufficient shelter to the aphids to prevent adequate control 
by nicotine sprays. At this time the details of the seasonal appearance of the various 
forms of the aphid were not known, and consequently, the most vulnerable points in the 
life cycle were not attacked. As a result of bionomical studies it was shown that all the 
overwintering eggs were deposited by the middle of June and remained unhatched until 
the middle of July; there was then a brief period from 5th to 25th August during which 
all the eggs had hatched to wingless adult aphids, but the peach buds had not yet burst. 
About this time a type of tar distillate spray had been developed in England, and this 
gave 100% kill of aphid eggs, but could only be used on dormant trees. It was recom- 
mended, therefore, that tar distillate sprays be applied from mid- June to mid-July (while 
the trees were dormant) and nicotine sprays between 5th and 26th August when the 
recently-hatched aphids were completely exposed and could not gain access to the closed 
buds. Either of these sprays, If applied correctly at the right time, now gives almost 
complete control, as compared with total Inability to control the pest in 1920. The 
method is an excellent example, of accurate correlation of time of spraying with particular 
stages in the development of a (wsl and its host plant. Sprays composed of dl-nltro- 
c resol, in the latter part of the period, replaced the original tar distillate sprays and 
hud the advantage of being less objectionable for the operators and less severe on the 
trees. 


THE OODLIWO MOTH. 

(Cydia pomonella.) 

This is, of course, a major pest of pome fruits throughout the world, and If uncon- 
trolled can result In almost a complete loss of crop. The standard methods of control, 
which were in use in 1920 and which are still practised, consist of applying a series of 
arsenate of lead sprays during the growing period of the fruit, destroying overwintering 
larvae by the use of trunk bandages, and the destruction of infested fruit. At the 
beginning of the period, these methods were giving reasonable control, but nevertheless 
severe losses often occurred. Considerable research was directed towards working out 
the detailed bionomics of the pest under local conditions and to improving the efficiency 
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and timing of the arsenate of lead sprays. By the proper use of sprays, and strict 
attention to larval destruction and orchard sanitation throughout the year, it was found 
to be possible to reduce the infestation of the crop from 80% to 4%. One important 
factor in obtaining this result was the incorporation of a small percentage of miscible 
white oil with some of the arsenate of lead sprays. Nevertheless, control of this extent 
Is not always attained even under the strictest supervision, and since adequate control 
necessitates the application of six separate sprays, it is obvious that any new method 
which would reduce the cost of control is very desirable. It will be clear from the 
above that considerable advances have been made during the period under review, but 
that further Improvement Is desirable, and work In this direction Is proceeding. 

THK WOOIJ.V APHID. 

(Eriosoma lanigerum.) 

This again is a major pest of pome fruits, and at the beginning of the period, it was 
practically Impossible to control it even with six or eight sprayings of nicotine sulphate 
during the spring and summer, owing to the fact that the aphids also occur on the 
roots, and when above ground are particularly well protected. During the early 1920's, 
however, a parasitic Chalcidoid wasp, Aphrlinus mali, was Introduced and rapidly became 
established in all the main apple growing centres. It is now present wherever apples 
are grown in New South Wales, and has effected complete commercial control of the 
pest. This is, in fact, the most outstanding success In the field of biological control 
of insect pests in Australia. 


THE BLACK PEACH APHID. 

( An uraphis persicaonigcr . ) 

This is one of the most difficult pests to control as the aphids occur on the roots as 
well as the above-ground portion of the tree and the only control has consisted of 
repeated sprayings with nicotine sulphate. Practically no improvement had been made 
in control methods up to 1944, but there are indications that remarkably efficient control 
will be obtained in the future by the use of D.D.T. 

THE DICKY KICK WEEVIL. 

( Maleiiterpes phytolymus . ) 

This is a small weevil which breeds on the roots of citrus trees, but, unlike the 
Fruit Tree Root Borer, It does not damage the roots sufficiently to cause marked injury 
to the trees. The loss is incurred as a result of the adult beetles feeding on the skin 
of the young fruit, which, when it matures, is disfigured by black irregular markings, 
and thus the market value of the crop is considerably lowered. At the beginning of the 
period, no control was available, but expeiiraents rapidly demonstrated that adequate 
banding with tree-tanglefoot, at the correct time of the year, would reduce the percentage 
of marked fruit to a negligible figure. 


THE RED MITE. 

{BryoMa praeMosa,) 

This mite, which Is a pest of both pome and stone fruits, is capable of causing 
considerable injury, but it can be satisfactorily controlled by properly timed sprays 
consisting of various sulphur compounds. Control methods were satisfactory at the 
beginning of the period under review and remain so at the present time. 

THK FRENCH BEAN KI.T. 

( Agromyza phaaeo H . ) 

This insect is extremely common wherever beans are grown on the coast of New 
South Wales, north of Sydney, and It is particularly abundant from December to April, 
so that In many districts, at the beginning of the period under review, It was almost 
Impossible to grow summer and autumn crops of beans, since no satisfactory method 
Of control was available. The damage is caused by the larvae, which feed under the 
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skin of the main stem of the young plants, completely destroying them. Detailed 
bionomlcal studies eventually revealed that the eggs were laid In the leaves and that 
the larvae at first behaved as leaf miners before making their way to the stem. It was 
found that in the leaf-mining stage they could be reached by a contact spray, and a 
carefully timed series of sprays composed of nicotine and white oil emulsion gave 
highly satisfactory control. It is not too much to say that as a result of entomological 
research it Is now possible to grow profitable crops of beans throughout the summer and 
autumn, and that the problem of the control of the French Bean Fly has been successfully 
solved. 


CUTWORMS. 

{Family FociuUlav.) 

A number of species of cutworms are important pests of many kinds of vegetable 
crops and occur in plague proportions from time to time, causing extremely heavy 
losses. The larvae harbour in the soil during the day-time and emerge at night to 
feed on plant stems or foliage. At the beginning of the period, satisfactory control was 
obtained by the use of poisoned bran baits and this is still the standard method. 
Considerable research has been carried out on the biology of these insects with the 
result that the general technique of control has been considerably improved, but no 
revolutionary change has taken place. 

rifK BROWN VWiKl'ABX.K WKKVIL, 

{Lutrodcrea ohliquua,) 

This is an introduced pest which was first recorded about 1905 and continued to 
become more and more abundant until by 1920 It was one of the most injurious pests of 
vegetables. At this time little was known of its biology and no control methods had 
been worked out, By 1924, however, intensive research had been carried out on its 
life history and habits, and completely satisfactory control was obtained by spraying 
and baiting with arsenicals combined with the destruction of Us alternative host plants. 

TUB CABBAflB MOTH. 

( PI u t ellu mactilipimn ia.) 

This is a very widespread and destructive pest of cabbages and cauliflowers, and if 
uncontrolled, usually causes complete loss of the crop. Prior to 1920, the control of this 
pest was quite unsatisfactory but by the early 1930*8 a highly successful schedule of 
dusting with arsenate of lead and den is had been worked out, and this, combined with 
the improvement In dusting machinery and technique, now enables the grower to obtain 
something over 90% control with comparative ease and certainty. 

THE GREEN VEOETABLE BUG. 

{Nezara viridula.) 

This Insect has a very wide range of host plants, but is particularly Injurious to 
beans and tomatoes. The adult bugs are extremely resistant to most of the commonly 
used Insecticides, and at the beginning of the period under review, control by direct 
means was virtually impossible. Later, research showed that the early stages could be 
controlled to some extent by spraying with derris and soap solutions, but the position 
remained highly unsatisfactory until the introduction of the parasite Aftcrophaniir«« 
baaalU in 1930. This is a minute Chalcidold wasp which is a parasite of the eggs of 
Nezara viridula, and which was originally introduced from Egypt to Western Australia 
and from there to New South Wales. Supplies of the parasite have been bred up and 
distributed over a number of years throughout the State (approximately BO.OOO parasites 
were distributed in New South Wales in 1944), and it is now definitely established In 
all areas where the bug occurs. In coastal regions of New South Wales the control 
obtained by the introduction of this parasite Is highly satisfactory, though in inland 
areas its effect at present is not so marked. 
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THE FOTATO MOTH. 

( Onorimosaheifiia operculella. ) 

At the beginning of the period, control waB limited to the fumigation of Infested 
potatoes in storage. This was by no means satisfactory as only partial control could 
be obtained and frequently considerable loss occurred before the potatoes were harvested. 
Later, research showed that the early development of the larvae took place in the leaves 
and stems of the growing plant, while the tubers were infested In the field before 
haiwestlng. Recent research work has been directed towards controlling the early 
stages in the green portion of the plant and preventing infestation of tubers, and it 
has been shown that regular applications of derris dusts or sprays, combined with 
**biUlng*' at the correct time, will give very satisfactory control. 

THE BLACK BEETLE. 

iHrff*ronychus mnctae-helenac . ) 

This is an introduced pest which was first recorded in this country some twenty 
years ago and has become increasingly abundant and destructive in coastal areas in 
New South Wales. It is a particularly serious pest of early sown maize, sugar-cane sets 
and many vegetables. When it first appeared, nothing was known of the life cycle, but 
later, research showed that the beetles overwintered In the adult stage and became active 
during September and October. By the end of October, the majority of the beetles have 
deposited their eggs and died, and these eggs develop to adult beetles by January and 
February. There are thus two periods when the adults are abundant and active, but 
most of the damage is caused by the overwintering beetles as they become active in 
September and commence to attack early maize and vegetables. Research has shown 
that losstm may be largely prevented by timing the sowing of crops to avoid the peak 
period of abundance of the beetles. In addition, the dipping of cane sets in an adhesive 
arsenical mixture has been shown to be quite effective. By these means some control 
has been obtained, but more satisfactory methods are still necessary, and gammexane 
and D.D.T. are showing great promise. 

THE Af.^rZE AND TOMATO OATEKFILLAR. 

{HeliothU ohsoleta.) 

This is a cosmopolitan pest known in America as the Corn Ear Worm; in Australia 
its chief importance is as a pest of tomatoes, although many other plants are also 
attacked, the caterpillars feeding mainly in the reproductive portion of the plant. 
Arsenical sprays and dusts are widely used for the control of this insect, and, in New 
South Wales, research has been largely directed towards working out a suitable spray 
schedule for protecting tomatoes. While the control is still not entirely satisfactory, 
considerable Improvement has been brought about during the period under review. 

THE BED SPIDER. 

( Tetranychu s ur Hcae. ) 

This is an introduced mite which infests various weeds, field croi)B, shrubs and trees, 
but is a particularly serious pest of beans and peas. At the beginning of the period 
under review, it was known that various sulphur preparations gave adequate control, 
and later research has largely been directed towards improving the effectiveness of 
Bulphur dusts and sprays, so that at the present time control of red spider does not 
present any serious difficulties. 

TUE AUSTRALIAN PLAGUE LOCUST. 

( Ohortoicetes terminifera . ) 

This pest occurs mainly in the central division of New South Wales and is always 
present to some extent, but from time to time it reaches plague proportions, In what 
are known as ‘‘grasshopper years’*, and causes enormous losses in paetures and crops, 
the fixing ewarms spreading over a great area and completely destroying any crops 
or herbage on which they alight. In the early part of the period, sodium araenite sprays 
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were used, but later work showed that poisoned bran baits were far more elfectlve and 
economical, and much less dangerous to stock. The success or failure of plague locust 
control depends entirely on the concerted efforts of the land^holders and on the degree 
of co-operation which is developed, since individual efforts have only a negligible effect. 
Considerable progress has been made in this co-operative effort by organization of the 
Pastures Protection Boards, and by supplying these bodies with mixing machines which 
facilitate the preparation of the bait. Effective plague locust control is difficult but 
nevertheless considerable progress has been made, although a more concerted effort on 
the part of land-holders and Pastures Protection Boards is needed. A great amount 
of fundamental research work on the biology and ecology of this pest has been carried 
out, and we now have a much sounder knowledge of the factors responsible for out- 
breaks. This in turn may lead to some ecological method of control being eventually 
developed. 


SHEEP BLOWFX.1ICS. 

{Lueilia spp., Chrysomyia spp. and Calliphora spp.) 

Sheep blowflies constitute tlie major pest of Australia's principal primary industry 
and It Is therefore not surprising that a very great amount of research work on this 
problem has been carried out by entomologists, chemists and veterinarians In the 
last twenty-flve years. At the commencement of the period under review, emphasis was 
laid on the necessity for reducing the fly population by poisoning of carcases, trapping 
of adult flies and the use of parasites, but as a result of intense and prolonged research 
work on the biological aspects of the problem, it has been cleaiiy demonstrated that 
under Australian conditions economical control can only be obtained by prevention of 
fly strike, i.e., control on the sheep, rather than by control of the fly population. In 
addition, the knowledge gained of the fundamental biological principles Involved in the 
blowfly problem has undoubtedly prevented much wasteful expenditure on control 
experiments carried out on unsound lines. In 1920 the only control consisted of cleaning 
and dressing struck sheep, which was a very expensive and time-consuming method, 
rendering effective control almost impossible in a bad fly period, particularly since many 
of the dressings used at this time were unsatisfactory. Some rather haphazard work 
had been carried out previously in Jetting with sodium arsenite, but It was not until 
1930 that systematic jetting experiments were commenced, and these eventually demon- 
strated that four to six weeks' protection from fly strike could be obtained by the use 
of calcium arsenite. At the same time it was shown that merino sheep could be 
classified Into three main groups according to their susceptibility to fly strike, these 
differences being correlated with the degree of wrinkling of the breech. The breeding 
of plain-bodied non-susceptible merinos was therefore advocated, but as this is a lengthy 
process, experiments were carried out to determine whether the same results could be 
obtained by surgical removal of the breech wrinkles, l.e., "Mule's operation". This 
operation, if pi’operly carried out, has been shown to give most spectacular results, In 
many cases reducing fly strike in bad fly periods by as much as 90%, without any 
significant mortality among the sheep as a result of the operation. It can be stated, 
therefore, that by a judicious combination of crutchlng, Jetting and the Mule's operation. 
It is now possible economically and effectively to prevent fly strike in sheep. In addition, 
the dressings used for remedial treatment have been greatly improved and can now be 
considered quite satisfactory. 

SlTMMAKT. 

From the foregoing review it will be seen that, on the basis of improved methods 
of control develot>ed in the intervening twenty-flve years, the twenty pests listed may 
be grouped as follows: 

<a). 19S0‘ — Control either not poseihle or very poor. 

— Control highly eatisfaotory. 

Fruit Tree Weevil.* 

Fruit-Flies. 

Green Peach Aphid. 

* For citrus only, not satisfactory for pome and stone fruits. 
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Woolly Aphid. 

Dicky Hice Weevil. 

PYonch Bean Fly. 

Brown Vegetable Weevil. 

Cabbage Moth. 

Green Vegetable Bug. 

Potato Moth. 

Sheep Blowrtlee. ' 

(b) . 1 9 to — Control fairly mtiafactory. 

19^5 — Control considerably improved. 

Red Scale. 

Cottling Moth. 

Cutworma. 

Malee and Tomato Caterpillar. 

Australian Plague I^ocuet. 

Red Spider. 

(c) . 1920 — Control satisfactory. 

1945 — Control satisfactory. 

Red Milo. 

(d) . J9t0 — Control unsatisfactory, 

1945 — Control slightly improved. 

Black Peach Aphid. 

Black Beetle. 

The fact that eleven out of thirteen pests which were practically uncontrollable 
in 1920 can now be satisfactorily controlled, and that the control of six others has been 
considerably improved. Indicates the practical value to the agriculturalist of entomo- 
logical research carried out during the past 25 years, and justifies increased expenditure 
In the future. However, control classed as highly satisfactory can not be regarded as 
perfect; the only perfect method is one by which permanent control is established 
without annual recurrent expenditure, i.e., by means of parasites or predators, alteration 
of farm practice, or the use of resistant, varieties. Any direct insecticidal method of 
control entails annual expenditure, and any Improvements which will reduce the cost or 
increase the efficiency will directly lower the cost of production and Increase the 
growers' profits. 

Numerous common pests have, of course, been omitted from this review, but the 
general position indicated in this selection can be taken to apply also to the remainder. 

The outlook for the future is extremely hopeful In view of the potent nature of 
various new insecticides now coming into use, and it is probable that the next twenty- 
five years will be marked by even more rapid advances in the control of Insect pests. 

Acknowledgements. 
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The Honorary Treasurer, Dr. A, B. Walkora, presented the Balance Sheets for the 
year ended 28th February, 1947, duly signed by the Auditor, Mr. S. J. Rayment, F.C.A. 
(Aust.); and he moved that they be received and adopted, which was carried 
unanimously. 

No nominations of other candidates having been received, the Chairman declared 
the following elections for the ensuing year to be duly made: 

President: G. D. Osborne, D.Sc., Ph.D, 

Members of Council: R. H. Anderson, B.Sc.Agr., W. R. Browne, D.Sc,, Professor 
N. A. Burges, M,Sc., Ph.D., A. N. Colefax, B.Sc„ S. J. Copland, B.Sc., J. M. Vincent, 
B.Sc.Agr. 

Auditor: S, J. Rayment, F.C.A. (Aust). 


A cordial vote of thanks to the retiring President was carried by acclamation. 
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ABSTRACT OF PROCEEDINGS. 


ORDINARY MONTHLY MEETING. 

26th March, 1947. 

Dr. G. D, Osborne, President, occupied the Chair. 

The Donations and Exchanges received since the previous Monthly Meeting (27th 
November, 1946), amounting to 22 Volumes, 40$ Parts or Numbers, 13 Bulletins, 5 Reports 
and 23 Pamphlets, received from 65 Societies and Institutions and 2 private donors, 
were laid upon the table. 


FAPKB6 RKAD. 

1. The Influence of Molybdenum and Vanadium on Nitrogen Fixation by Vlostridiuvi 
butyricum and Related Organisms. By H. L. Jensen, Macleay Bacteriologist to the 
Society, and Donald Spencer, B.Sc. 

2. Bryozoa from the Lower Carboniferous of New South Wales and Queensland. By 
Joan Crockford, M.Sc. 


ORDINARY MONTHLY MEETING. 

30th Apkil, 1947. 

Dr. G. D. Osborne, President, occupied the Chair. 

The President announced that the Council had elected Dr. A. B. Walkom to be 
Honorary Treasurer for the Session 1947-48. 

The President also announced that the Council had elected Mr. E. Le G. Troughton, 
Dr. W. R. Browne, Dr. Ida A. Brown and Mr. A. R. Woodhill to be Vice-Presidents for 
the Session 1947-48. 

The President referred to the death of Mr. Ralph Ellis of the University of Kansas, 
who had been a life member of the Society since 1932. 

The President, on behalf of members, offered congratulations to Dr. H. L. Jensen, 
Macleay Bacteriologist, on his appointment to the position of Chief of the Division of 
Bacteriology of the State Laboratory of Plant Culture, Danish Ministry of Agriculture. 
Dr, Jensen’s resignation has been accepted by the Council, and it Is expected that he 
will leave for Denmark at the end of September. 

Mr. T. 0. Browning, Sydney; Mr. 8. H. Christian, Port Moresby, Papua; Miss 
Janet E. Harker, B.Sc., Armidale, N.S.W.; Mr. D. L, W. Henderson, L.S., M.I.S., 
Woodford, N.S.W.; Mr. B. McMillan, Hamilton, N.S.W.; Miss Helen M. McRoberts, B.Sc., 
Ltndfield, and Miss Beryl Scott, B.Sc., North Sydney, were elected Ordinary Members 
of the Society, 

The Donations and Exchanges received since the previous Monthly Meeting (26th 
March, 1947), amounting to 45 Volumes, 118 Parts or Numbers, 6 Bulletins, 3 Reports 
and 1 Pamphlet, received from 37 Societies and Institutions and 3 private donors, were 
laid upon the table. 

PAFKRS BKAO. 

1. HeptUea occurring above the Winter Snowline at Mt. Kosciusko. By Stephen J. 
Copland, B.Sc. 

2. The Utilization of Fumarate and Malate by Escherichia coli in the presence of 
Molecular Hydrogen. By June Lascelles, Linnean Macleay Fellow of the Society In 
Biochemistry, and J. L. Still, 

8. Notes on Australian Mosquitoes (Diptera, Oullcldae). Part vli. The Genus 
B4rpagomyiu. By R. H. Wharton, B.Sc. 
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BUYOZOA FROM THE LOWER CARBONIFEROUS OF NEW SOUTH WALES AND 

QUEENSLAND. 

By JOAK CUOCKFOKD, M.Sc.* 

(Plates i~vi; flfty-one Text-figures.) 

TRead 26tb March. 194 7.1 


Intkoductton. 

Bryozoa from widely separated areas in which marine Lower Carboniferous strata 
occur in eastern Australia are described in this paper; the specimens described in Part 1 
are from the Lion Creek Limestone near Stan well, from two horizons in the Vis6an 
near Mundubbera, and from Cannindah in southern Queensland, and those described in 
Part ii are from the inaj ine Burindi Series and also from a marine intercalation In the 
freshwater Lower Kuttiing Series which overlies It In the Clarencetown Paterson- 
Uouchel Brook district to the north of the Hunter River and from the Upper Burindi 
Series at Tai'ee In New South Wales. The faunas so far known (they are probably far 
from complete) In tht'se areas contain the largest and best preserved series of Bryozoa 
at present known from the Lower (Carboniferous in eastern Australia; Bryozoa occur 
at many other localities from which very little colh^cting has so far been done, and it is 
certain that in line the number of genera and species described from the Lower 
Carboniferous here will be vastly increased. 

Although many records of the occurrence of Bryozoa in rocks which are, or may be, 
of Lower Carboniferous age in both New South Wales and Queensland have hitlierto 
been made, only a few of these records are accompanied by descriptions or by figures, 
and the localities from which they have been collected are usually not at all precisely 
recorded, The more Important of these previous records are discussed in this paper. 

Both in New South Wales and in Queensland, despite the comparatively small 
number of species so far described, the cosmopolitan nature of the Lower Carboniferous 
bryozoan faunas compared wltli the limited number of families and genera present in 
the Permian is very stiiking. The Permian throughout eastern Australia contains 
enormous numbers of fenestelllds and stenoporids, but Bryozoa belonging to other 
families are extremely rare, althougb a few Rhabdomesontidae and Acunthocladiidae 
do occur. In (he Lower Carboniferous, on the other hand, although fenesteUids are 
abundant, stenoporids are virtually absent— the earliest definitely known stenoporid in 
Australia is a specimen fiom the Upper Vis^an Lion Creek Limestone at Stanwell; but 
many other bryozoan genera, belonging to the Fistuliporldae, Sulcoreteporldae, 
Rhabdomesontidae and Acanthocladildae, are well represented; the cosmopolitan nature 
of the fauna is strongly emphasized by the occurrence here of specialized and 
comparatively rare genera, such as Evactinopora, Arvhimedcs^ Gonioctadia and Ramipora, 
particularly as these first appear in Australia upon an horizon approximately equivalent 
to that In which they first occur In other parts of the world. 

The stratigraphic significance of these Bryozoa and the relationship of these Lower 
Carboniferous faunas to those occurring in later Upper Palaeozoic rocks in Australia are 
to be discussed in detail in a later paper. 

Dr. Dorothy Hill and Dr, P. W. Whltehouse of the University of Queensland kindly 
lent me specimens from Mundubbera which contain Bryozoa previously exhibited by Dr, 
Whltehouse at a meeting of the Royal Society of Queensland; specimens which Mr. R. 
Etheridge, jnr., described from the Lion Creek limestone at Stau'well were lent to me 
from the Australian Museum Collections. I am indebted to Dr. G. D. Osborne for many 

* This work was carried out during the tenure of a Linnean Macleay FcllowMhip in 
Palaeontology. 
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speciniettB of Bryossoa which he has collected for me from the Burindi and Lower Kuttung 
Series in the northern Hunter River district. Dr. Ida Brown has also collected a number 
of specimens for me from more northerly outcrops of the Burindi Series, and has been 
generous with her helpful criticism during the waiting of this paper. 

Part I. Lowm CxHaoyimnovH Buyoxoa from Queensi-ano. 

Fossillferous marine strata of Lower Carboniferous age outcrop at a large number 
of localities in Queensland, but there are very few records of the occurrence of Bryosoa 
in rocks which are of undoubted Lower Carboniferous age. This Is partly due to the 
fact that most of the localities given in early descriptions and lists of fossils were very 
generalized, and even the approximate horizon from which the fossils were collected la 
made uncertutn by the presence in the same general area of Devonian or of Upper 
Ciii boniferous or Peimiari fossil iferous rocks. The older records, therefore, are of little 
value, witii the i?xcoption of the interesting record by Etheridge (1900, 8) of the 
occurrence of "Fistulipora or Hexaponvlla'' an<i ‘^fitenopoj'a Lcic?iardtW from the Oolitic 
Limesume of Lion Creek, Stanwell, near Rockhampton; these specimens, now in the 
Australian Museum Collection, me re-described in this paper; Etheiidge's paper is of 
particular Interest in that it records the earliest stenoporid so far known wdlh certainty 
to occur in Australia. 

In 2,929 Dr. F. W. Whitehousc exhibited at a meeting of the Royal Society of 
Queensland specimens of Archiinedca and J^vactwopora collected from strata of Vlsfian 
age near Mundubbora in Queensland, The two specimens of Andiimcdes -were collected 
from the River hug Ii Limestone, tiie ago of which has been determined from the coral 
fauna [described in detail by Hill (1934, 105; 1943, 62)] to bo Upper Vls6an or possibly 
slightly younger. The specimen of Evaetinopora was collected from au oolitic limestone 
horizon in the same district; this Uniestone, which contains Palamds sp, cf. cuneiform is 
Haline (Mill, 1934, 101) is probably slightly younger in age than the Riverleigh limestone. 
The fossils contained in all of these specimens were siUcified, and when they were 
etched, specimens of a number of other interesting species of Bryozoa were found to be 
contained In them; these forms, as well as the species of Archimedes and Evaetinopora^ 
are described in tills paper. 

Specimens of limestone which Professor S. W, Carey collected from the Lower 
Carboniferous limestones at Canlndah, to the south of Mundubbera (6448, Sydney Univ. 
Colin.), also contain silicified fistuliporoids. 

No Bryozoa from the younger Carboniferous rocks of Queensland are described 
In this paper, but they form an abundant part of the fauna of the Neerkol Series of 
Upper Carboniferous age in the type locality for this Series, near Rockhampton, and 
in other districts. 

The full Inculitles from which the Lower Carboniferous Bryozoa from Queensland 
described in this paper were collected are as follows: 

Can^indah: A crinoldal limestone horizon. Old Cannindah Homestead, near Monto, 
Queensland (~ loc, *‘a’* of Hill, 1984, 106). 

Ijion Creek Limestone: Oolitic Limestone horizon In Lion Creek, Stanwell, near 
Rockhampton. 

Oolitic Idmestone, Par. Mundowran: Oolitic Limestone horizon In Por. 198, Par, 
Mundowran, Co. Yarrol, neai^ Mundubbera. 

Rlverlcigh Limestone: Latza's Farm, Pors. 21 and 22, Par. Malmoe, Co. Yarrol, near 
Mundubbera. 

The coral faunas of these limestone horizons have been described and their strati* 
graphic position discussed by Hill (1934, 1943) and work on them summarized also by 
Bryan and Jones (1944). 

Drsceiptiow of BvEcim , 

Order CTonostojrfATA Busk. 

Family Fistulipobipae Ulrich. 

Pistuliporldae Ulrich, 1882; Cheilotrypidae Moore and Dudley, 1944, 2S8. 

Nomenclature of this family and of several genera within It has been discuBsed at 
length by Moore and Dudley; they consider the generic name FiafuRpora M'Coy a 
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homonym and the name FistuUporldae therefore not available for this family; they 
propose to BubstUute the name Cheilotrypldae (type genus: Cheilotrypa Ulrich, 1884). 

According to Moore and Dudley, Fiatulipora M'Coy, 1850, is a homonym of Fistulipora 
Raduesque, 1831, the name having been used by Rafinesque for an unrecognisable 
Palueosolo fossil; this genus, despite the fact that it cannot now be Identlded, was, 
as Moore and Dudley point out, validly designated, and should therefore, provided the 
name was published by Rafinesque prior to M'Coy's paper in I860, render Fiatulipora M'Coy 
a homonym. Whether Rafinesque actually did publish this name prior to 1860, however, 
seems to be open to question; Moore and Dudley stati' (p, 263) that ‘‘Rafinesque 
(1881, p. 6) published Fiatulipora as the name of a Paleozoic fossil from Kentucky, 
antedating McCoy's paper by some 18 years", but in their bibliography (p. 310) the 
reference to this paper is given as follows: 

"Rafinesque, 0. 8., Iff. "if. Description of fossils in cabinet, pp. 1~5, Phlladelphin 
( private publication ) 

I have been unable to find any othc?- reference to this paper by Rafinesque, and I am 
therefore In no position to cllscuss fully the status of this publication. If, however, this 
reference is to a descriptive catalogue of a similar type to a museum catalogue and was 
not actimlly published by Rafinesque in 1831, in the sense in which ihe term "pubMcaiion" 
may be interpreted in the Rules of Nomenclature (cf., discussion of this term by Stiles, 
1928, 671 *“578), a.s seems to rne rather probable from the manner in whicii Moore and 
Dudley refer to this pai»er as a "private publication", Fif<tuUpora Rafinesque would 
rank us a manuscript name, and when published fide Rafinesque by u later author should 
take the date of this later reference, this being the date of actual publication of the 
name; in this case, the date of publication of Fiatidipora Rafinesque should be either 
1864, in which year Binney and Tryon published a work entitled "The complete works 
of Constantin Smaltz Rafinesque" in which I presume this 1881 paper would have been 
Included (Binney and Tryon's paper is not available to me), or else 1944, when Moore 
and Dudley reprinted Raflnestjue’s definition of this name. Tn either of these cases, 
FiatuHpora M'Coy, 1850, would have clear priority over FitituHpora Rafinesque. 

This interpretation of the question, under which Fiatvlipora M’Coy is considered 
to be a valid name, is followed here, and the name Fi 8 ltilli) 0 ridae is therefore used for 
the family. 

Three sub-families W'ithin tlie FistuUporidae are recognized in this paper. As is 
more fully discussed after the diagnoses of the sub-families HexagonelUnae, n. sub-fnm., 
and Goniocladiinao Waagen and Pichl, it is here considered that a number of genera 
previously referred to the Sulcoreteporldae are essentially ftstuliporold in their internal 
structure; the absence of structuies diagnostic of Sulcoretcpora and closely related 
genera in their internal structure serves clearly to differentiate these genera from true 
Sulcoreteporidae, which in some cases they fairly closely resemble externally. These 
genera therefore appear more logically referred to the Fistullporidae than to the 
Sulcoreteporidae, and arc here placed In two sub-families within this family; typicfil 
Fistuiiporidae are therefore referred to a third sub-family, the sub-family FisluHporinae 
Waagen and Wentzol. 

Sub-family FisTutiPouiNAK Wa/Agon and Wentzel, 1886 (emend.). 

Fistullporinae Waagen and Wentzel, 1886, 909. 

Typical FUtuliporidav, with maftaitw, Uiniiftnr, cncruHiiip, or rnmoae zoaria; anr/ace 
with monticulea or maculae: zooedal tuhea mually unth well-dt ve loped lunaria, and v)ith 
or without diaphragms: tubes separated by vesicular tissue, which is sometimes scparatefl 
by dense tissue as the surface is approached. 

This Bub-family was originally proposed by Waagen and Wentzel in their monograph 
on the Salt Range Fossils to include two of the genera with which tliey were dealing, 
FMuHporn M'Coy md DybowskicUa Waagen and Wentzeh It is regarded in this paper 
as including all the genera of Fistuiiporidae which are not referred to the sub-famUies 
ftexagonelllnae, n. siib^fam., and Goniocladiinae Waagen and Pichl, and therefore tu 
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include all the genera listed as belonging to the FistuUporldae by Baasler In 1085 
(p. 16) except Bexagonella Waagen and Wentsel and Meekopora Ulrich. 

Genus FisTt/HpoiiA M'Coy, 1860, 

Fistulipora M’Coy. 1850, 131; Fistulipora M’Coy, Ulrich, 1890, 382, 474; FiatuHpora 
(pars) M'(>)y, Bassler, 1929, 41; Crockford, 1944, 143. [non] Fi«ttiUpora Raflnesque, 
Moore and Dudley, 1944, 253. 

Zoarium ineruating to maHsive or ramosCf surface with monticules or macMlae 
composed of aggregations of vesicles or of enlarged zooecia; zooecial tnh^s with ijicon- 
spicuous or faint hoiaria, or with thickened lunaria the ends of which do not indent 
the zooecial tubes; diaphragms usually developed; intci'zooccial spaces occupied by 
vesicular tissue which is Hometimes replaced hy dense tissue near the surface. 

Genotype: Fistulipora minor M’Coy, 1850. 

Range: Ordovician to Permian, 

Tlie status of tliis generic name has been referred to In discuBsion of the naming 
of the family Fistuliporidae (pp. 2-3), and it has been pointed out that, since the 
paper in which Rahnesque proposed the generic name Fistulipora for an unknown 
Palaeozoic fossil was a private publication, and the name does not appear to have been 
actually published prior to 1850, Fistulijumi M’Coy, 1850, appears to be the valid name 
for this genus of bryozoans. 

The. generic name Fistulipora has until lecently been used to include inc rusting, 
massive and ramose zouria with typical fistulipoi’oid internal structure, irrespective of 
the degree of development of the lunaria. From recent work, and especially from that 
of Moore and Dudley (1944), it appears that subdivision of the genus upon the basis 
of lunar ial developnumt is possible and will become essential as work on this group 
progresses. Fistulipora ranges from the early Ordovician to the Permian, and within 
the many species grouped under this name great variation in the size, thickening, and 
degree of development of the Uinarium is found. Moore and Dudley, working upon the 
assumption that Fistulipora was not a valid name, considered that Cyclotrypa Ulrich, 
1896, proposed for species in which lunaria are absent or Inconspicuous, should bo 
used for species in which the lunaria are poorly developed. The genotype of Fi^tMliporo, 
F. minor M'Coy, 1860 (? -Calamoponi incrustans Phillips), Is in need of revision from 
type or topotype material, hut appears from M’Coy's original illustrations to have been 
a species in 'whicli the lunarium was either poorly developed or almost absent, and 
species which have been closely compared with this form hy later workers upon 
Carboniferous material from the British Isles have always been species in which the 
lunaria are inconspicuous, Fistulipora minor at present therefore appears to belong 
to the group for which Cyclotrypa yvuB later proposed, and Cyclotrypa must therefore be 
considered a synonym of Fistulipora, unless a re-examlnation of the typo of F. minor or 
of topotype material shows differences between them. 

One group of species common in Upper Palaeozoic rocks Is differentiated from 
F. minor and closely-related species by the possession of very strong lunaria, the ends 
of which indent the zooecial tubes so that they are bilobate or trilobate in transverse 
section; these forms are referred to Dy?>owj«7cieUo Waagen and Wentzel, 1886, There are 
many species, however, in which the lunaria are strongly thickened but do not at all 
project into the zooecial tubes, which lack the strongly-marked lobed appearance of the 
tubes of DyijowskielUi. Many of the species of Fistulipora w'^hich have been described 
from the Permian of Timor and of Western Australia belong to this group; these seem 
at present best still referred to Fistulipora, 

As well as these differences in the degree of development of the lunarium, many 
species both of Fistulipora and of Dybowskiella, and particularly late Palaeozoic forms, 
show progressive replacement of the vesicular tissue near the surface by dense tissue; 
this characteristic, which appears to be of specific and not of generic value, Is found 
In several of the flstullporolds In the Western Australian Permian, and occurs to a 
alight degree in both of the species of Dyhowskiella described in this paper. 
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FisI’Ulipoba icTiiERXBGEi, H. sp. Text-flgs. 1, 2. 

Fistulipora or Hexagonf^Xla^ Etheridge, 1900, 8. 

Holotype: P.6856C, Australian Museum CoUn. 

Horizon and locality: Lion Creek Oolitic Litnestone, Stanwell, near Rockhampton. 

Laminar Pistuliporh; zoocvial tubes very slightly indented by thin Zwnaria; 
diaphragms numerous and closely spaced; tubes separated by coarse vesicular tissue. 

The zoarlu consist of thin sub-circular laminar expansions up to 10 mm>, but usually 
about 3 nmi, in their greatest thickness and 2-6 cm. or more in diameter; individual 
colonies are frequently built up, especially in the case of the thicker zoaria, by thin 
discontinuous laminae: Etheridge commented upon this lamination and considered it a 
possibility that the zoaria were bifoliate, but the direction of growth of the zooecia 
shows clearly that these are successive laminae and not the two sides of a bifoliate 
colony. The base of the colony w’as covered by an undulating and concentrically 
wrinkled epitheca, shown very well on the etched under surface of one of the colonies; 
the upper surface of the zoarium is irregular but is more or less flattened. Small 
slightly depressed spol-Iike maculae about 1*5 to 2 nun. in diameter are developed on 
the upper surface 3*5 to 5 mm. apart; these maculae are composed of aggregations of 
vesicular tissue, but their surface, like the surface betwa'cn the apertures, appears 
solid except wheie It has been weathered sufficiently to reveal the vesicles. 

The zooecia are tubular; their apertures are almost imperceptibly indented by the 
development of slight luuaria, which extend around rather more than one-quarter of 
the ciic\imference of each tube; these lunaria are a little raised at the surface. The 
tubes are usually from 0*10 to 0-24 mm, in diameter, but some of the tubes adjacent 
to maculae are considerably laiger, up to 0*32 mm. in diameter; the lunaria are 
inconspicuous and unt.liickt'ned in sections, and do not show' out as well as they do 
ou etched surfaces. The zooecia are prostrate for a very .short distance along the basal 
epitheca and then bend upwards to the surface. Numerous thin, slightly concave, 
complete cUajihiagms are developed in the zooecial tubes; as many as seven or eight 
of these diaphragms may occur in 1 mm., but (he tubes aie usually without diaphragms 
tor a short distance from the surfac(\ about 0*5 to 0*9 mm., though occasionally 
diaphragms are developed almost until the siiiTace is rt^ached; In some cases where 
the laminae are very thin, less tlian 1 mm. in thickness, no diaphragms have been 
developed in some of the zooecial tubes. The zooecia are separated by rather coarse 
vesicular tissue, a single row of which usually occurs between adjacent zooecia. A very 
thin layer of dense tissue was devel()pe(i at the surface. In 7 sq. mm., excluding 
maculae, ther(‘ are about 30 zooecia! tubes. 

Etheridge hesitated betw^een the generic names Hexagonella and Fistulipora for 
this species, as he considered it possible that the zoarium miglit have been bifoliate; 
however, the zoaria are comvjosed of successive laminae growing in the same direction 
and not of two laminae growing togethei- back to back, and therefore the species cannot 
be referred to Hexagonella. The thin laminar growTh form, the poorly-developed lunaria, 
and the coarse vesicular tissue readily serve to distinguish this species. 

Genus Dvbowkkiki.i.a Woagen and Wentzel, 1886. 

Dyhomskudla Woagen and Wentzel, 1886, 910, 916. Synonym; Triphyllotrypa Moore 
and Dudley, 1944, 260. 291, 

Zoaria laminar, massive, lobatc or coarsely ramose, with fistuHporoid internal 
structure but differmg from Fistulipora in possessing very strongly-developed lunaria, 
the ends of which project into the zooecial tubes, which are therefore bilobate or 
trilobate in transverse section; typically the projecting ends of the lunaria form 
lotigitudinal ridges, termed pseudosepta, within the zooecial tubes. 

Genotype: Dybowskiclla grandis Waagen and Wentzel, 1886 (as lectotype of this 
species, of which a number of specimens front different localities was originally figured 
without selection of a holotype, the specimen figured by Waagen and Wentzel, 1886, on 
PL civ, figs. 2a and 2b, is hero selected; the locality of this specimen is Upper Productua 
Limestone, from the mountains east of KatwAhl). 

Kanpe; Devonian to Permian. 
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Moore and Dudley considered tliat the genotype df X^i^t)iow$kieUa pOBseseed a hollow 
ramose soarium, and they theretore proposed the genus TripAt/JIdtrvpa tor species with 
similar internal structure but with laminar, massive or lobate soarla. Waagen and 
Wentsel (1886, FIs. cli, clii, civ, figs, 7; cvi, fig. 7; cxv. fig. 6) published numerous 
figures of DyhotoakieUa grandis, the genotype of Dyhim^M^Udr and while a number of 
these shows ramose branches with an irregular central cavity which they attributed 
partly to the sourium having Incrusted some irregular soft body or to worm borings, 
and whose marked Irregularity does not suggest close comparison with the central tubes 
shown In Coelocaulia, Cheilotrppa and Rhahdomcson^ two illustrations (PI. ctv, fig. 8b. 
and PI. cvl, fig. 7) show ramose branches which are solid and have no suggestion of a 
central cavity. In other specimens, which Waagen and Wentsel figure, the central cavity 
may be fortuitous and due to breaking down of the looser tissue of the central part of 
the branch so that the central part of the zoarium was later filled by sediment, an 
irregularity of preservation frequently found in the central part of a coarse ramose 
bryozoan colony. The specimen Illustrated by Waagen and Wentsel, and here selected 
as lectotype, of DytfowskieAla grandu possesses a solid ramose zoarium. 

Triphyllotrypa Moore and Dudley differs from lyphowskiella only in the form of Its 
zoarium, this being a laminar expansion in the type of Triphyllotrypa and laminar, 
massive, and in one case lobate, In other species referred to this genus. The zoarial 
difference alone between Incrustlng, laminar, massive and solid ramose growth forms 
In the fistullporoids does not appear to be a character of generic significance; the 
zoarial form of many species, such as Triphyllotrypa HpUna Moore and Dudley, where 
the upper surface of an Incrusting zoarium **bear8 local upward projections, one of them 
16 mm. high”, provides evidence of gradation between these different types of zoaria. 
No structural internal differences exist between Dyhowskiella and 7*riphytlotrypa. It 
Is here considered therefore that Triphyllotrypa must be regarded as a synonym of 
VyhowBkiella. 

No structures which could serve to differentiate generically the two Lower 
CJarboniferouB species described in this paper from Queensland and New South Wales 
from Permian species described by Waagen and Wentzel and by Moore and Dudley or 
from species from the Permian of Timor, Western Australia and the Noj thern TejTitory, 
which should be referred to this genus, could be found. Prominent trilobate zooecia are 
found also in some Devonian species. e.g„ FistuUpora foordi Ulrich, 1890, and F, frtlobo 
Hall and Simpson, 1887. 

DYHOWSKIKLhA 0HE8OENTICA, 0. Sp. TeXt-fig. 8. 

Holotype: 6448, Sydney Unlv. Colin. 

Horizon and lomlity: Crlnoldal Limestone, Old Cannlndah Homestead, near Mon to, 
Queensland. 

Incrusting Dybowsklella; zoarium thin^ zooecial iuhes with pronoimGed lunaria^ the 
ends of which are projecting ; tubes short, mmlly without diaphragms, and separated hy 
coarse vesicular tissue. 

The zoarium is incrusting; it is thin, usually about 0»08 to 1 mm. but sometimes 
slightly more in thickness; the hoi otype encrusts a thick crlnold stem and from one 
side of it a hollow spherical outgrowth, apparently originally encrusting, but whose 
support Is now worn away, is shown in thin section. A thin opitheOa is developed <m 
the lower side of the zoarium; on the upper surface spoMike raised maculae about 
1 mm. in diameter and 4 mm. apart are developed; these maculae are oompOiiwd Of 
aggregations of vesicular tissue. Each zooecial aperture Is placed in the centre of a 
polygonal depressed area, the function of the edges of these ayeas foimtilfff 
polygonal ridges on the surface; the apertures are stroiigly indented by luharih, hut 
these lunaria are only slightly raised at the surface. 

The zooecial tubes are short, being horizontal for a short dmtanee ah^ t^^ ^ 

outwards sharply to the surface. They are strongly Indented by stl^pM; ; 

lunaria, which extend around about one-half of l#e clirbumfer^^ 
measurements of the tubes are: o, 0*24 to 0*89 mtm; ^ 
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0-19 xmta*; df O-'IS to 010 mm,* The lunarla are considerably thickened and are very 
prominent in sections* An occasional diaphragm is developed in some of the zooeclal 
tubes* but most of the tubes are without diaphragms. The sooeola are separated by 
rather fattened coarse vesicles, two rows of which are usually developed between 
adjacent sooecia; In some places these vesicles are noticeably thick walled and have 
become partially replaced by dense tissue. There were about 26 sooecla in 7 sa. mm. 

The form of the soarlum, raised maculae, and very prominent lunaria readily serve 
to distinguish this species from Fintulipora etheridf/ei, n. sp. 

Sub*family HGXAooNiixttNAE, n. sub-fam. 

Zoaria bifoliate, conHUiinfi of two or more layers of zooecia grown together back to 
back; where three or more layers of zooecia are det^eloped vertical^ayed growth’^forms 
are formed ; margins of the zoarium sharp or rounded, and with a narrow non-poriferoua 
border; surface, except where the zoarium. is ve^y narrow, with non-eelluliferous mactilae, 
characieHstic for cocA species in their size, shape and spacing ; fine ridges which divide 
the surface into areas of characteristic size and shape also developed in 7nany species. 
Zooecia tubular, lying parallel to the mesial lamina for som.e distance, usually about 
one-third their length or less, then bending fairly rapidly upwards to meet the surface 
almost perpcndicutarty. Tubes rounded, not angular, in cross-section, and with lunaria 
poorly developed or absent ; vHthout hemisepia, hut frequently with complete diaphragms. 
Mesial lamina with fine median tuhulu Zooecia separated internally by vesicu,lar tissue, 
and never arrange^, between vertical double pUites; replaced by dense tissue as 

the surface is approached. 

Range: Mississlpplan to Permian. 

The genera which are here considered to belong to this sub-family are: 

Coscinium Keyserllng, 1846; JSvacHnopora Meek and Worthen, 1866; Glyptopora 
Ulrich, 1884; HexagonelXa Waagen and Wentzel, 1886; Ueekoxwra Ulrich, 1888; 
Ueekoporella Moore and Dudley. 1944; Prismopora Hall, 1883; and Fistulamina, n. gen. 

Other genera, such as Scalaripora Hall, 1883, may also possess the same type of 
Internal structure as Hexagonella, and if so. should be referred here. 

The sub-family Hexagonellinae Includes genera which, with the exception of 
H'eayoponella, Meekopora and AfceA:oporelIa, have previously been referred to the family 
Sulcoreteporldae Bassler Cystodlctyonldae Ulrich), but do not show the internal 
structure characteristic of Sulcoretepora. ISulcoretepora Itself and a number of genera 
closely related to It show a specialized type of internal structure, the zooecia on each 
side of the mesial lamina being arranged in rows between longitudinal vertical plates, 
and the zooecia are rather short, seml-cordate in outline and sharply geniculate, with 
well-developed hemisepia. These genera are typical members of the Cryptostomata. 
Other genera previously referred to the family, however, show flstuliporoid Internal 
structure, identical with the type of internal structure found In Hexagonella; Hexagonella 
4jiifl!ers from l^iAfnliporo principally In the bifoliate form of its zoaria, and also in the 
typically weak development or absence of lunaria. As a group, the genera here referred 
to the Hexagonellinae are also characterized by rather more strongly geniculate zooecia 
than those of typical flstultporoids. 

It has long been recognized that close similarity exists between some genera 
referred to the Sulooreteporldae and the Flstullporldae; indeed. Ulrich, in his original 
discussion of the family SUlcoreteporidae (as Cystodictyonidae Ulrich, 1886. 86), pointed 
out the close relationship of the group of genera which he Included in this family to the 
yutnllporldae, stating that they dlttered from It "mainly in possessing two or more 
leaved zoaria, the margins of which are non-pot^erous and usually sharp". In spite 
of this long recognised relationship, these genera have been classified in dilferent orders, 
iho^ placed in the Fistullporldae in the Clyelostomata, and those placed in the 
the Cryptostomata. Had the genera in which this close relationship 
is of efifiy th^r classification into different orders might 

the resuU of imperfect differentiation of two separate 
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phylogenetic groups at an early stage of their evolution, but with Bryoaoa of 
Carboniferous to Permian age it should be possible readily to differentiate between 
genera of two orders which were distinct in the early part of the Ordovician. It is here 
considered that such differentiation can be clearly and easily made If the Sulcoreteporldae 
are restricted to genera showing the very specialized type of cryptostoma tous internal 
structure shown In $iulcoretepora, and the genera with flstuliporoid internal structure 
which constitute the remainder of this family as hitherto defined are removed and 
classified with Hexagonella. 

Since bifoliate zoavia arc developed In such a large group of genera with fistuliporoid 
internal structure, and these bifoliate zoarla are elaborated into so many diverse and 
specialized growth -forms, such as those found In ^vacHnopora, Voscinium and Olyptopora, 
It is heie considered that they form a compact and phylogenetically related group within 
the Fistullporidae which should be classified as a separate sub-family. 

Genus EvAcmwopouA Meek and Worthen, 1865. 

Evactinopora Meek and Worthen, 1866, 166; Evactinopora Meek and Worthen. Ulrich, 
1884, 42: Ulrich. 1890, 887, 508. 

ZoaritiTn free, vonsisUng of three or wore. Hfoliate vertical leaves, radiating from an 
imagUiary axis so as to present a star-shaped outline in transverse section; s;ooecia and 
internal structure as in Hexagonella. 

Genotype: Exxictinopora radiata Meek and Worthen. 1865. 

Range: Mississippian to Permian. 

Evactinopora irrkoitlaris, n. sp. PI. i, figs. 3-6; Text-figs. 4-'6. 

Evaetinopora, Whltehouse, 1929, xii; Hill, 1934, 105. 

Roloiype: F.5769A. Univ. Queensland Colin. 

Borizon and lovaliiy: Oolitic Limestone, For. 193. Par. Mundowran. 

Eour-rayed Evactinopoia; rays bifoliate, thin, broad, leafdike; surface with small, 
solid, regularly placed maculae; zooecia placed back to back along the mesial lamina 
in the centre of each hraticft, where they are separated by fine vesicular tissue, and then 
bending rapidly outwards to meet the surface at right angles, being separated in the 
outer part of the zoarium by dense tissue. 

The zoarium is bifoliate, the growth-form being four-rayed; the holotype is a broken 
sped men, and is now 6*5 cm. high and about 6 cm. In its greatest diameter, neither of 
these measurements being the full extent of the perfect zoarium. Tlie rays intersect 
at the base of tlm zoarium at about 80'’ to 85'’, one of the rays being curved and the 
others more or less straight: at the upper end, however, two of the rays have curved 
away from each other, the zoarium here being shaped like a bent H (PI. 1, fig. 4). The 
best preserved ray reaches a maximum width of 3-7 cm., Its outer edge being blunt and 
rounded. Small, solid, slightly depressed maculae are prominent on the surface of the 
rays; the maculae arc elongated, 2*8 to 4 mm. long and about 1 mm. wide, and they are 
arranged rather regularly In close-spaced rows radiating gradually from the base of the 
colony; these rows of maculae are usually almost vertical near the centre of the zoarium, 
and curve outwards obliquely near the edges of the rays, but on one of the rays all of 
the rows of maculae are oblique; the centres of the maculae are usually placed from 
4*5 to 7 mm. apart. The zooeclal apertures are small, and are rounded to slightly oval, 
016 to 0-22 X 0*16 mm. in diameter; they are slightly indented by the lunarla, which, 
when well preserved, are raised and hood-llke at the surface; the apertures show up 
clearly on the etched and weathered surface of the zoarium, the tissue between them 
being solid at the surface. On the broken edges of the rays the mesial lamina and 
longitudinal sections of the zooeclal tubes can also be seen very clearly. 

The zooecia aie tubular; they arise on each side of r distinct mesial laminei along 
which they are horizontal for a short distance {up to 0*7 mm.) and then curve rapidly 
upwards to meet the surface at about 75® to 90®. In transverse section the tubes are 
rounded, or they may be a little indented by a slight lunarium where the tube wall Is 
curved to a slightly shorter radius around about onMhlrd of the eircumference of the 
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Text-flgR. 1-2. — n. ap., x 10. 1. Vertloal ncotlon of the holotyx»e. 

2. Tanif^ntlal section of a second specimen in the aame piece of Umeatgne. (Slides 131A-D, 
Australian Museum CoUn.) 

Text-fig, 3 . — Dyhowekiella orescentica, n. »p., x 10. Oblique section of the holotype. 

Text-figa. 4-6,— "JSvaottrtoporo n. ap., x 10. 4. Vertical section through on© ray 

of the holotype. 6. Tangential section through a ray of the holotyini, the section being cut 
adjacent to the mesial lamina upon which the «ooeclai tubes are recumbent for a short 
distance before they bend upwards to the surface. G. Tangential section cut close to the 
surface of the holotype. 

Text-figs. 7-8.-“jb«(of;Jeina pprosa, n. sp., H 10. 7. Tangential section of the holotype. 

8. Vertical section of a second specimen in the same piece of limestone. (Slides ISIA-^D, 
AuBtrallan Museum Colin.) 

Text-figs. >-10* — jSftenofitscas stmiwellcnsis^ n. sp., x 10. 0. Tangential section of the 

holotype. 10. Vertical seotion of a second specimen in the same piece of limestone. (Slides 
Australian Museum CoUn.) 
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tube; the sUiclfl<sation of the speblmeii bus made theiw lunarla rather dttbeult to obaerve, 
but they are abown aulte clearly in acme of the tubes by slight thiclioning of the tube 
wall, and by their different curvature. In the central part of the soariutn the tubes are 
separated by small vesicles, but these are rapidly replaced by dense tissue, with only 
occasional vesicles, as the tubes bend upwards to the surface; where the growth of the 
zoarlum has been interrupted and rejuvenation has occurred, narrow zones of these 
vesicles are found closer to the surface, in places associated with rejuvenated zooecial 
tubes. No diaphragms and no hemtsepta occur in the tubes, and acanthopores are not 
developed. Ulrich (1884, 42) stresses the degree to which the apertures in the early 
part of the zoariuni have been Infilled and the zoarium Itself thickened by calcareous 
tissue in E. radiata; although the lower part of the zoarium has been thickened by over- 
growths of vesicles and dense tissue and by rejuvenation of the zooecia in this specimen 
of E, irregularitt, the apertures are not infilled by the dense tissue to any marked degree; 
the base of the specimen as it Is now preserved appears to have been slightly spreading, 
and this may perhaps indicate that this species was lightiy attached at the base, as was 
E. trifoliata, n. sp., from the Burindi Series in New South Wales; as a free zoarium 
would have evolved from an attached form, this suggests that both of these Australian 
Lower Carboniferous species are slightly more primitive forms than any species of 
EiHictinopora hitherto described. 

This species of Eimctinopora is clearly differentiated in the details of its external 
structure from the five described species of this genus, four of which come from the 
Mississlppian of the United States, and one, E, crucialia Hudleston, 1888, from the 
Permian of Western Australia {E. deMdroidea Hudleston. 1883, is a species of 
Nexagonella) , 

The internal structure of the genotype, E, radiata, has been described and figured 
by Ulrich (1884, PI, 2, figs. 1, 1 a--c')- Ulrich's figures show the tubular zooecia arising 
on each side of the mesial lamina, the tubes being slightly indented by the lunarla; 
there are no hemisepta nor diaphragms; the zooecia are separated by vesicular tissue, 
replaced by dense tissue as the surface is approached; Ulrich does not mention the 
presence of maculae in this species, but a portion of a macula is cut on the right hand 
side of the section figured in his Pig. ih, where a comparatively large area Is devoid 
of zooecia and la occupied by vesicles and dense tissue. In its internal structure, there- 
fore, E, irrtigularis closely approaches the genotype. 


Genua FisTtinAMiWA, n. gen.* 

Fj 8 T!Ji.amina MAI.M0ENS18, n. sp. PI. lllf figs. I, 2; Text-figs. 12, 15. 

ffolotype: F.57G8E, Univ, Queensland Colin. 

Hofizon md locality: Riverleigh Limestone, Pors. 21 and 22, Pat. Malmoe. 

Broody atrapdikc Fistulamlna; apertures small, with distinct lunariOy and arranged 
in $ to a rows on each surface of stoarium; non-poriferous mar-gins of about equal thiclc- 
ness and equally sharp on each side of branch. 

The zoarium Is broad and flattened, bifurcating at irregular intervals^ typically In 
the plane of the mesial lamina but occasionally at an angle to this plane; U Is from 
1*62 to 2*88 mm. In width, and is acutely elUptica) in section, its thickness at the centre 
being from about 0*49 to 1*22 mm,; this thickness is greatest closer to the base of the 
colony, the ba^anches tapering in thickness near their extremities. The non-^poriferous 
margins of the blanches are narrow and are of about eoual width on ^h side; the 
margin is sharp on each side of the branch, and It Is marked by a fine longltudln^ 
ridge, caused by slight projection of the ends of the mesial lamina. The sooeeifi! 
apertures are arranged rather regularly In longitudinal and In diagonal tows; usually 
there are four to six. occasionally three^ rows on each surface of the zQUt'ium* The 
apertures are 0*18 to 0*14 x 0*09 to 0*18 mm. In diameter ;; they are sltgbily Indented by v 
smalt but distinct luiraria, where about dno^thlrd Of the n ■ 

markedly shorter radius; these lunarla are placed on the side of the afiartiito 
an edge of the branch. The apertures are surrounded by slight peristoi^, aii 


• For goncrlc diagnosis see p. 2 «. 
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Strongly raised and hood-Uke on the side on which the lunarla are developed; these 
hoods are moat marked on the lateral rows of sooecia. The centres of successive apertures 
are spaced 0*61 to 0^71 mm. apart, and there are about 17 apertures in 10 mm. The 
surface between the apertures Is solid and finely granular. 

The zooecia lie parallel to the mesial lamina for about 1 mm. and then bend upwards 
to meet the surface almost perpendicularly. They are not arranged in longitudinal rows 
between vertical plates, but are separated close to the mesial lamina by a few coarse 
vesicles and closer to the surface by dense tissue. No diapli ragms occur. The internal 
structure Is not well shown in thin section owing to slliciflcation of the zoaria, but both 
in thin section and on broken edges it Is seen to be similar to that shown In Fistulamina 
inornate, n. dp., rather than to the structure shown In species of JSulcoretepora, which it 
resembles externally. It Is readily distinguished from inorrmfa by the differences in 
their size, in the number of rows of zooecia, and the size of the apertures, and internally 
by the smaller number of vesicles and by the much larger size of the vesicles developed 
in this species. 


Sub-family Goniocladiinak Waagen and Pichl, 1885. 

Goniocladlnae* Waagen and Plchl, 1885, 775; := Goniocladiidae Nikiforova, 1938, 
proposed as a family of the Cryptostomata. 

Bifoliule fHstuHporidar ; zoaria forming tiarrote hranche/j, which divide in a plane 
perpendicular to that of the mesial lamina and may anastomose or form pinnate or 
irregularly branching zoaria; mesial lamina running from the centre of the obverse 
to the centre of the reverse surface, and projecting slightly at each tmd so that both 
these surfaces are carinate; the carina is typically bordered on both obverse and revcpse 
surfaces by a nmrgiu of non-celluliferous this being much wider on the reverse 

surface and sometimes almost ohsotete on the obverse; zooeeial apertures arranged in 
rows on each side of the carina of the obverse surface; peristomes usually strongly 
developed, lunana present or absent; zooecia tubular, ivithout hemiseptUf and with 
diaphragms only very rarely developed; rows of zooeHa never separated inter7iaUy by 
vertical plates, but they arc separated close to the mesial lamina by vesicular tissue, 
which i« replaced by dense tissue as the surface is approached; mesial lamina vHth fine 
median tubult 

Bange: Misslsslppian to Permian. 

Waagen and Pichl (1886, 776, 804), who regarded Goniocladia and Ramipora as 
members of the Fenestellidae, proposed that these two genera should be separated from 
the remainder of the family as the sub-family Ooniocladlnae. Nikiforova (in Zoological 
Record, 1938 — the original publication is not available in Australia) has proposed that 
Qoniocladia, Ramipora, Ramiporalia, Ramiporidra, Ramiporina and Volgia should be 
grouped together as a separate family of the Cryptostomata, the family Goniocladiidae. 

Ooniocladia and related genera are closely similar, in Internal structure particularly, 
tb Bemgonella. Like Hemgonelta, they differ fi*om f^ulcoretepora, with which they 
were for a long time classified. In the shape of their zooecia. in the lack of hemlseptn In 
the zooecia, and In the absence of vertical plates between the rows of zooecia; their 
Internal structure Is essentially flstullporold. They differ from Ristulipora itself in the 
harrow bifoliate form of their zoaria, in the weak develoi>ment or absence of lunarla, 
and In their slightly more geniculate zooecia; like many late Palaeozoic species of 
Hexagonella, Mvat.*tinopora, etc., the vesicular tissue between the zooecia 
fa ifepiaced by dense tissue as the surface is approached, so that the Interspaces are 
golid at ttie surface* From the HexagonelUnae, these genera differ in the form of their 
zoaria-^ln the bifurOation of their branches, typically in a plane at right angles to 
the meUlal lamina instead at In the plane of the mesial lamina, in the orientation of the 
One surface so that obverse and reverse surfaces may be distinguished, 
oit^ In snastoinosing, pinnate, or Irregularly pinnate, zoaria. 

^ »,» a lopstw oalotalT stnoe^ the iub-famlly name should have 

addfdk not "nae'*, to the stem of the generic name; it 1* therefore 
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Like the genera here Included in the aub-family Hexagonellinae, Qonioeladiat 
Ramiporat and the related genera and Bub-genera described by Sbulga-Nesterenko and 
Nikiforova from the Russian Carboniferous, appear to form a distinct group of genera, 
closely related phylogenetically to each other, within the Flstullporidae, which should 
therefore be considered as a separate sub-family of the Flstullporidae, the sub-family 
Goniocladiinae Waagen and Wentzel. This course is considered preferable to regarding 
both Hexagonella and the genera related to it, and Goniocladia and related genera, as 
belonging to two separate families both separated from the Flstullporidae, as the 
characters in whlcii each group diffeis from typical Fistulipora do not appear to be of 
sufftcient importance for the formation of separate families, but to indicate closer 
phylogenetic relationship of groups of genera within the family. 

Genus Ramipoba Toula, 1875. 

Rarnipora Toula, 1875, 230; Hamipora Toula, Shulga-Nesterenko, 1933, 32, 54; 
Crorkford, 1944, 192. 

Sub-genuB IlAMiroHEiXA Shulga-Nesterenko, 1933. 

RawiporcUa Shulga-Nesterenko, 1933, 39, 56. 

Hamipora wWi irregularly pinnate zoaria. 

Oenotype: Rarnipora (RamiporeUa) asimmetrica Shulga-Nesterenko, 1933. 

Range: Carboniferous. 

Shulga-Nesterenko proposed that three sub-genera should he recognized within the 
genus Rarnipora for forms which differ from typical Hamdpora in having either 
irregularly pinnate or ramose zoaria, or zoaria with limited bifurcation, differing 
internally in the degree of development of vesicular tissue or In one case In the 
curvatine of the zooecia. RamiporeUa, the first of these three sub-genera, has a ramose 
or sub-pinnate zoarium which the species here described from Queensland resembles, and 
this species is therefore classlfled in this sub-genus. 

Uamipoua (Ramiporklla) n.ExnaeA, n. sp. PI. iil, figs. 4, 5; Text-flg. 21. 

Holotype: F.576SB, Univ. Queensland Colin. 

Horizon and lovality: Riverlelgh Limestone, Rors. 21 and 22, Far. Mulmoe. 

Fine, irregularly hranching Rarnipora; zooecia in two to three rows on each side of 
the mesial lamina. 

The zoarium arises from a slightly spreading non-cellullferous base, from which 
two or three thin upright branches arise. The branches are bifoliate, and they typically 
divide in a plane at right angles to that of the mesial lamina, though one bifurcation in 
the same plane as the mesial lamina is shown; lateral branches are given off from the 
main stem at very irregular intervals, and at varying angles. The branches are thin, 
0*4 to 0-75 rum. in width perpendicular to the mesial lamina, and about 0*5 to 1 injn, 
in thickness parallel to it; they are usually very much twisted. They are bifoliate, with 
the zooecia placed on each side of the mesial lamina, which runs from the centre of 
the reverse to the centre of the poriferous surface, forming a fine carlna along the centre 
of each surface; fhe poriferous surface is sharply convex, the reverse rounded. Two to 
three rows of apertures occur on each side of the carina of the poriferous surface; there 
are usually three rows along each side of the main branch, but the arrangement of the 
apertures in these rows is not very regular. The central rows of apertures are not 
very strongly exserted, but the apertures in the rows closest to the reverse surface are 
fregiiently strongly exserted. The apertures are circular, 0*08 mm. In diameter, and no 
lunaria are shown; they are spaced usually with the centres of successive apertures in 
the same row from 0*38 to 0*65 mm. apart, and there are about 20 apertures In 10 mm^ 
The surface between the apertures is solid; the reverse surface is. finely granular, and 
is non -poriferous for a width of about 0*36 to 0*55 mm. on each side of its carlna. 

Owing to the sillclflcatlon of the specimens, and their brittleness and very smalt 
size, it was not possible to prepare slides to show the internal structure; this Is shown 
on broken surfaces of the branches to be very aimiiar to that shown In described 
species of Hamipora: the zooecia are placed back to back along the mesial laimlna for a 
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short distance, and then curve outwards rapidly to meet the surface almost at right 
angles; close to the mesial lamina a few small vesicles are developed between the 
sooecla, these being gradually replaced by dense tissue as the surface Is approached. 

From described species of Uamipora and of Rmniporella this species is distinguished 
by its extremely fine branches and by the Irregular mode of branching of the zoarlum. 

Order Tbepostomata. 

Family Batobtomkixjijak Ulrich. 

Genus Lkioc^lema Ulrich, 1882. 

Leioclema Ulrich, 1882, 14; Lcioelema Ulrich, Ulrich, 1890. 376, 42&; Nlckles and 
Bassler (as Lioclema), 1900, 33, 302; Moore, 1929, 10; Duncan (as lAoclema), 1939, 248. 

**Zoa7Aum ramofte^ lamellar, sulhyloboae or incrusting ; surface frequently exhibiting 
distinct monticules or maculae: zooecia with sub-circular or irregularly petaloid 
apertures, separated by abundant angular mesoporea, which in some species are open at 
the surface, in others closed; diaphragms few in the zooerAa, abundant, sometimes 
crovHied, in the mesopores; avanthopores numerous and strong in the typical sjwcies, 
small and inconspietums in oihersf' (Nicklcs and Bassler, 1900, 33.) 

This getins has not previously been recorded from Australia but, as well as the 
species here described from the Lion Creek Limestone, the jicnus is known to occur 
in the Devonian of the Wellington district of New South Wales (specimen 7425, Sydney 
Univ. Colin.). 


Lkioclema rouoHA, n. sp. Text-figs. 7, 8. 

Hololypc: F.6856E, Australian Museum Colin. 

Horizon and locality: Lion (yieek Oolitic Limestone, Stanwell, near Rockhampton. 

Leloclema icith thin laminar zoaria; zooecia almost co-mpletely separated by a single 
row of unguliir ynesopores ; aeanthopores not numerous. 

The zoarium is a thin laminar expansion, r(5aching a maxinuim thickness of some 
3 mm. and up (o about 2 cm. in diameter. Small montIculeH in which the zooecia 1 tubes 
are smaller and the meBOpor(>s larger and more numejous occur at distant intervals on 
the surface of the zoariiim. 

The zooeciul tubes are sub-circular and slightly angular in outline; they are usually 
between 0*22 and 0*3 mm, in diameter. Small angular Tne.soporeB occur abundantly 
between the zooecia; a single row of these mesopores usually occiua between the zooecia, 
but occasionally the walls of adjacent zooecia are in contact for a short distance. In 
7 sq. mm, there are about 50 zooecial tubes and about four times that number of 
mesopores. Because of the presence of numerous mesopores the walls of the zooecial 
tubes are not strongly thickened in the cortical zone. Small aeanthopores occur rarely. 
In longitudinal sections the tubes are thin walled and recumbent for a short distance, 
about 0*3 mm., at the base of the colony, and then bend upwards to the surface. Thin 
complete diaphragms are abundant in the zooecial tubes, there being up to 8 in 1 mm. 
Tabulae are abundant in the mesopores, up to 12 occurring in 1 mm. 

There is no described species of Leioclema with which this species could be closely 
compaJ'od. 


Genus Stenodibcits Crockford, 1945. 

Stcnodiscus Crockford, 1945, 21. 

Stenopibous 8TANWEJXENS1S, n. sp. Text-flgs. 9, 10. 

IStenopora leAchardtii Nicholson and Etheridge, Etheridge, 1900, 9, PI. I, figs. 10-12; 
[non] Stenopora Icichardtii Nicholson and Etheridge, 1886, 179, PI. lil, figs. 7-8. 
Holotype: F.6857A, Austrarian Museum Colin. 

Horizon and locality : Lion Creek Oolitic Limestone, Stanwell, near Rockhampton. 
Small laminar, simulating massive, Stenodiscus; zooecial tube walls with smalt 
distinct, close spaced monilae; aeanthopores of two sizes numerous-; tliin complete 
diaphragms occasionally developed, mesopores very rate. 
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The zoaria of this species are smaU laminar oolenlee* up to about 7 muu tu their 
maxinmm height, and expanding over an area more than 20 mm. in diameter,^ each 
zoarium is made up of thin iaminae 0*5 to $ mm. in thichness, sometimes discontinuous 
or partly separated by sediment; the colonies In their thickest part simulate small 
massive zoaria, and their upper surfaces are Irregular, this feature leading BtUeridge 
to describe them as lobate masses. Small Indistinct monticules, about 1*6 mm. In 
(liameKn* and composed of zooccia slightly larger than the average, are developed about 
5 to G mm. apart on the surface. 

The zooecia are tubular; they lie horizontal for about 1 mm. at the base of the 
colony and also at the base of each lamina, whci’c a fresh layer of zooecia is developed 
above the thin epitheca occurring at the base of the lamina; above this they bend 
sharply upwards to meet the surface perpendicularly. Monilifonn thickenings appear 
in the Willis of Uu; tubes as soon as they bend upwards; the monllae are small, about 
012 mm. in length and up to 0-G5 mm. in their greatest thickness; about 8 monilae are 
developed in 1 mm. The zooeclal walls between the monilae and in the horizontal part 
or the zooocial tubes are extremely thin; In tangential section, therefore, the tube walls 
are either very thin, in which case the tubes themselves appear angular and polygonal, 
or else thickened, In which case the tubes are rounded, according to whether the section 
passes through the tube walls between, or at the level of, the monilae. Where the tubes 
are thick walled, their diameter is usually 0*19 to 0*24 ram., thetr size being slightly 
larger, up to 0*27 mm. In diameter, in the monticules. Acanthoporea are numerous, 
and are of two sizes; of these the larger are less abundant, four or five occurring around 
eacli zooocial tube, and they aie usually developed at an angle of the t? 3 be; the smaller 
ncuntliopores occur in a single row in the tube walls, and up to about 15 of these surrotmd 
each tube. Mesoporos are of rare occurrence; they are found rnalniy in the monticules, 
Avhere throe or four occur In the area of each monticule. Thin, complete diaphragms 
occur vejy occasionally in a few of the tubes. In an area of 7 su. mm. there are 
about 90 to 100 zooecial tubes, with about 4 lo G mesopores in the same area. 

Etheridge (1900) described and Agunnl one of these specimens, which he referred 
to j^Uenopom Icic/iardtii Nicholson and Etheridge, a species from the Permian of the 
Bowen River Cfuilfleld in Queensland; these specimens, however, cannot be referred to 
/rirPardtii, from which they clearly differ in the arrangement and development of 
acanthoporos. mcsoporca, monilae, etc. 

This form ia of especial interest* since, although Stenopora is one of the most 
common and abundant genera In the Permian of Australia, no Carboniferous stenoporlds, 
except this one form recorded by Etheridge, has hitherto been described from here, 
(Do Koninck luis made reference to the occurrence of (nmta Lonsdale’* In 

tlie Lower Biirindl Series at Glen William and Burragood in New South Wales; one 
of )ils figures (pl. vil, fig. 5a) is probably a stenoporld but the description and figures 
leave some doubt about this, as Benson (1921, 28) has alretuly discussed, and no other 
specimens of strnopom are known to have been found in the Lower Carboniferous of 
New South Wales.) 

In one of the thin sections of Eimctinopora irregularis, however, a ramose batosto^ 
rnellid which appeai-s to be a specimen of Htenopora s. str. Is sectioned, but the 
iueservation is too poor and the material InBulftclent for detailed description. 

However, stenoporlds (i.e., ar^ocies of Btenopora, TahuHpora Mud f^tenodisaus) have 
described from the Carboniferous of the United States, the British Isles and Russia. 
This species from the Lion Creek Limestone docs not closely resemble in the detaBs of 
its etructure any described form; it can readily be distinguished from any described 
species of stenoporid from the Permian of eastern Australia by the eomparatlvely tiny 
size of its zooeclal tubes, apart from any other differences. 

Order CBYrrostoMAtA Vine^ 

Iframily B 

GepuB FRWKsT»ELa»A d ■Orbigny, 1849. 

Fenestreltina d'Orblgny, 1849, 501; Fenesfreilirta d'Orb 
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FimftTn«sxiHA YAURotimeis, a. «p. FI. I, ftg. 1; Tfext-llg. 16. - 
F.6769C, Uni V. Queensland Colin. 

JHToriKatt and lornUty: Oolitic Lflnaestone, For. 198, Par. Mundowran. 

Very /Inc Fenestrelllna; fimentrule^ rectctngnlar^ one to two zooecia to <t fencBtrule; 
nodes hiffhj ahat'pf vlosetp and evenly spaced* 

Tbe aoarium is very fine meshed, there being about 26 feneat rules and 30 branches 
in 10 mm. The branches are straight, 0*24 to 0'81 mm. wide, and bear two rows of 
zooecial apertures separated by a slight carina, on which there is a single row of high, 
spine-Uke nodes, placed 0-24 mm. apart; 42 of these nodes occur in 10 mm. Most of 
the zooetUal apertures have been considerably enlarged by weathering, but where they 
are best preseived they are small and circular, 0*12 mm. in diameter, and are surrounded 
by slight peristomes. There are either one or two apertures to a fenestruie, and about 
46 in 10 mm., the distance between the centres of successive apertures being 0-2 to 
0*27 mm., but usually about 0*22 mm. The fonestrules are rectangular, 0*22 to 0*3 mm. 
long and 0*09 to 0*13 mm. wide; the width of the disseptmenls Is 0*06 to 0*13 mm., and the 
length of one fenestrula and one dissepiment from 0*35 to 0*4 mm. On the reverse 
surface both brunches and dissepiments are evenly rounded, and they are of about the 
same thickness. Silicified fibrous tissue forms an overgrow^th over part of the reverse 
surface. 

A number of species similar in size to this form have been described from the 
Carboniferous of North America and Russia, but the spacing of the zooecia and of the 
nodes of this foj*in is more distant compared with the size of the fenestrules than in 
any described species. FenestrelHna pevtinis (Moore), 1929, from Pennsylvanian of 
Texas, is of similar size, but there are fewer fenestrules In 10 mm., and these arc hour- 
glass shaped owing to the very regular arrangement of the apertures, two to a 
fenestruie; F. Hnibata (Foerste), 1887, is also similar in size, but has pyriform apertures, 
of which there are two to three to a fenestruie. 

FKNESTKKri.fNA, sp. Indet. Text-figs. 17, 18. 

Specimen: F.B768G, Unlv. Queensland Colin. 

Horizon and locality: Ulverlelgh Limestone. Pars. 21 and 22, Par. Malmoe. 

FenestrelHna with h>up, rectangular fenestrules and very thin branches and dissapt 
ments; four to scinm apertures to a fenestruie.; carina absent. 

There are about 4 fenestrules and 10 branches in 10 nim. The branches are straight, 
0-22 to 0-36 mm, wide, and bifurcate freciuently. They are rounded on the obverse 
surface, and there are two rows of zooeclal apertures, placed on the si ties of the 
brandies; no carina Is developed, the surface between the apertures being ornamented 
only by swirling ridges and grooves; nodes are not well shown but appear to have 
been occasionally developed. The apertures are circular, 013 mm. In diameter, and 
they are surrounded by alight peristomes; there are usually four to seven, most often 
five to six, apertures to a fenestruie, the distance between tlie centres of successive 
apertures being 0^38 to 0-46 mm„ and there are about 24 in 10 mm. The fenestrules 
are rectangular, about 1*3 to 2*0 mm. long and 0*5 to 0*75 mm. wide; the width of the 
dissepiments is 0*11 to 0*17 mm. On the reverse surface both branches and dissepiments 
are rounded and finely granular, the dissepiments being much thinner than the brandies. 

This very coarse Fenestrenina, w^ith its distinctive slender branches without carlnae, 
occurs associated with Arehimedc* regina, n. sp. 

Oeniis PonYFORA M*Coy, 1846. 

Poli/pora M*Coy, 1846, 207. 

PonrposA BunowmA, n. sp. Pi, i, fig. 2; TexLfig. 13, 

Jfgtotppe: F.6768C, Univ. Queensland CoUn. 

Borizon and tdeaUty : Riverleigh Limestone, Pors. 21 and 22, Par. Malmoe. 

‘.‘■■/'fHno Pblypora, zooeda usually in S rows, $ to 6 to a fenestruie; apertures strongly 

li^serHd, surface df 
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The zoarium is fenestrate, with about 6 fenestrules and 11 branches In 10 mm. The 
branches are narrow and flattened. 0*85 to 0*4 mm. wide; usually there are 3 rows of 
ssooecial apertures, with 3 to 6 before, and 2 to 8 after, bifurcation. The apertures are 
circular and are very small, 0-08 mm. in diameter; when perfectly preseiwed they are 
very much exserted and almost stalked. There are three to 'six zooecla to a fenestrule; 
over most of the colony there were probably five to six, as it is only where the branches 
were rapidly bifurcating and the .fenestrules shortened, appai'ently close to the base of 
the colony, that there is a smaller number; the distance between the centres of succes- 
sive apertures is 0*3 to 0*44 mm., and there are 29 apertures in 10 mm. The fenestrules 
are oval, from 0-86 to 1-96 mm. long and 0*2 to 0*27 mm. wide; the width of the dissepi- 
ments Is 0*16 to 0*27 mm., and the length of one fenestrule and one dissepiment 1*1 to 
2*2 mm. On the reverse surface both branches and dissepiments are granular; the 
dissepiments are usually about the same thickness as the branches, but are sometimes 
very much thinner. 

The small dimensions of the zoariurn, together with the strongly exserted apertures 
and deeply furrowed surface of the branches, distinguish this species from described 
species of Polypora. The occurrence of this species of Poly para in the Riverleigh Lime- 
stone is of Interest because, amongst the comparatively large collections examined from 
the Burindl and Lower Kuttung Series in New South Wales, in which Fenestrellina and 
Jtlcmitrypa are very abundant, there was not a single specimen of Polypora^ and no 
specimens of this genus were observed in any of the other smaller collections from 
the Lower Carboniferous of Queensland. 

Orenus AiiCHiMEDES Owen, 1842. 

ArvhimedeJt Owen, 1842, 19; Archimedes Hall, 1857, 176; Archimedes Hall, Condra 
and Elias, 1944, 1; synonym: ArchimaUpora d'Orbigny, 1850, 502; ArchimeMpora 
d’Orbigny, Easton, 1943, 142, and 1944, 406. 

Growth-form consisis of zoarial me.Hhivork as in Fenestrellinii, with hranches hearing 
two rotVH of zooecial aprrturcH on one side and connected btf wiore or less regularly spaced 
celhicss dis8cpi7nvnts : coile(i in a wore or less regular helicoid, encrusted differentially 
by fibrous tissue: scretv coiling sinuous or straight, slightly to heavily encrusted, 
(Adapted from Condra and Elias, 1944, 64.) 

Genotype: Retepora archimcdcs Owen, 1842. 

liavge: Upper Silurian (?) to Permian. 

The validity of this generic name has been the subject of lengthy discussion by 
Condra and Elias (1944) and by Easton (1943, 1944), and these writers have already 
discussed the history of Uie use of the names Archimedes and Archimedipora at some 
length. The picsent position with regard to these names is that Condra and Elias 
consider that Archimedes Is the valid name for this group of fossils, and they regard 
Hall (1867) as its author, since they hold the view that Owen in 1842 designated the 
species **Retcpora Archimedes^^ and not the genus Archimedes; they consider the 
genotype of Archimedes to be Archimedes worihtmi Hall, 1867. Easton, on the other 
hand, holds that Archimedipora d’Orbigny, 1860, is the valid name for this genus of 
bryozf ans, since d’Orbigny 's publication antedates that of Hall, and there can be no 
possible doubt as to the identity of the genus to which the two names have been 
applied; d’Orbigny designated the species figured by Owen as “Befeporo Archimedes** 
os genotype; as neotype of this species, Easton has selected the holotype of Archimedes 
wortheni Hall, 1857. Controversy has arisen as to the validity of this selection of a 
neotype, and it appears to me that, despite Easton^s ai^uments to the contrary, Condra 
and Ellas are correct in regarding this selection Invalid because the holotype of 
Archimcdcs wortheni la not u topotype of Owen’s species. 

Even so, if Condra and Elias be correct In stating that Hall is the author of the 
name Archimedes, the fact still remains Archimedipora was proposed foi* the same 
genus prior to Hull’s publication in 1857. 

Owen’s original usage of the name Archimedes is Incidental to a discussion of the 
age of the limestone in which it occurs, and his description of the specimen he figured 
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1b ambiguous on the Question of whether he Intended to propose a new genus or a new 
species; it appears to me that It is quite open to either interpretation^ as Owen quite 
clearly refers to both possibilities and refers to the form he figured as Archimedes in 
the text and as Hetepora archimedes in a foot-note. It therefore appears to me that 
Owen (1842) can be considered the author of the generic name A7*chimedeit, and there- 
fore that Archiynedipora d’Orblgny is a synonym; this course appears quite reasonable 
from Owen's original discussion, and such an interpretation seems desirable in that 
it avoids rejection of the long-used and well-known name Archimedes In favour of 
Archim.cdipora‘, In this paper, therefore, Archimedes is used as the valid name for this 
group of fossils. At the same time it is considered that, since so much controversy has 
arisen about this name, and since the question of its validity is very involved and 
ambiguous, and is undoubtedly open to varying Interpretation by different authors, 
application for a definite ruling upon this question should be made to the International 
Commi.sBion on Zoological Nomenclature, when this Commission again commences to 
function, in order to obtain stability In the naming of this genus. 

Condra and Elias, In their monograph on this genus, have succeeded in the 
enormous task of carefully and precisely revising and figuring almost all the described 
species ol the genus, and they have discussed every record of its occurrence. Apart 
from one species, described from Spitzbergen by Toula in 1886, all of the described 
species are from the United States and Hussla, although single records of the occurrence 
of the genus in Africa and in England, as well as Whitchouse's record of Archimedes 
from Queensland, have been made. 

Archimedes is extremely rare In the Silurian and Devonian, one species having 
been described from each of these periods; it reaches its maximum abundance in the 
Mississippian of the United States, 30 or more species being known from rocks of this 
age; the majority of these species occurs In the Chester Series of Illinois. A smaller 
number of species occurs in the Lower Pennsylvanian of Utah, but they are not known 
in rocks of this age from any other part of the United States. In Russia, Archimedes 
first appears in the Upper Carboniferous (doubtfully in the Middle Carboniferous) 
and extends into the Lower Permian. It is therefore interesting that these two species 
from Queensland have been found In rocks of Lower Carboniferous age; they are from 
the Upper Vls6an, and therefore from strata approximately equivalent In age to the 
Chester Series in which the genua is so abundant in America. Condra and Ellas 
(1944, 184) state that: 

“The Lower Pennsylvanian of Utah is the highest horizon In which Archimedes 
Is known in the United States. Since, in Northern Russia, the genus is only found 
in the Middle Carboniferous and up, it Is significant that with the advance of time 
the Archimedes appears In stratigraphlcally higher rocks of the western than of the 
eastern part of North America. Many other marine Invertebrates, particularly 
bracUiopods of PeruiBylvanian and Permian rocks of the western States, show marked 
affinities with contemporaneous Himalayan and Ural Ian forms, which suggest the route 
of migration between North America and Asia at the present time." 

The early appearance of the genus in Australia, however, does not lend any support 
to this theory, though it does not of necessity contradict it, 

Condra and Ellas have formulated the interesting hypothesis that Archimedes is a 
symbiotic growth of a bryozoan and an alga. While the idea that the thick tissue of 
the screw and flange may have been deposited by an alga as the meshwork was built 
up by a species of FenestrelUna is extremely interesting, it is open to criticism on many 
points, as Easton has indicated; many of the features which are explained by this 
hypothesis can be equally well explained by comparison with the base of a normal 
fenestellid colony, where excessive calcium carbonate Is deposited to form a stronger 
base, and rootlets, identical with those elaborately accounted for in this theory as 
algal fibres, are very commonly developed as supports from the lower surface of a 
fenestellid colony; examination of these deposits, the bryozoan origin of which Is 
beyond doubt, does not suggest that their origin could be different from the origin of 
the axial support of Archimedes or the lateral supports developed In Lyropora. One 
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Of the greatest weaknesses of Condra and Mias's presentation of this theory is that 
they have not attempted to compare in adequate detail the aiial deposits of Archimedes 
with the deposits found strengthening the base of most large and old fenestellid colonies. 
Condra and Elias's explanation is so elaborately presented and has bemi based on such 
a vast amount of carefully prepared material that detailed criticism of It based on the 
sUicified specimens from Queensland described in this paper would be inadeauate» but 
further proof of their theory seems very necessary before It can be accepted. 

Akchimkues rkoxna, n. sp. PI. 11, figs. 1, 2; Text-flga. 11, 20. 

Archimedes (pars), Whltehouse, 1929, xii; Hill, 1984, 105. 

Molotppe: F,5768A = F.6608, Unlv. Queensland Colin. 

Horizon and locality: Riverleigh Limestone, Pore. 21 and 22, Par. Maimoe. 

Archimedes with a loosely^oiled cork-screw axis^ imth 1*5 volutions in 2 cm.; flange 
flaring; frond funnel-shaped, angle of divergence 6’0® fo 70®, coorse meshed, with JIO 
branches and 6 to 7 fcnestrules in JO mm., 4 to 0 apertures to a fenesirule, carina with 
small, distant nodes. 

The holotype Is portion of a screw, 3*6 cm. long, and comprising parts of four 
volutions, each with a considerable amount of the frond still attached. The rather 
thick shaft is cork-screw type; it is 4 mm. in diameter at this part of the zoarium, and 
it grades gradually into a flaring flange, about 13 to 16 mm. In diameter. On the 
expanse at the second volution preserved, the thickening of the flange Is produced 
outwards along three or four branches and there is then a short gap In the expanse 
near the flange, as if part of the meshwork near the axis had been broken away 
during growth and the edges of the gap so formed had then been thickened. The 
volution height la about 1*3 cm., so that there are 1*5 volutions in 2 cm. 

At the widest part preserved, the frond extends outwards for 3 cm. from the edge 
of the flange: It forms a funnel-shaped coil around the axis, from which It diverges 
at an angle of 60® to 70®. The frond is coarse meshed, there being 10 branches and 
6 to 7 fenestrules In 10 mm. The branches are straight, about 0*5 mm. wide, and bear 
two rows of apertures; the carina is broad and indistinct, and there is a single row 
of small, rounded nodes, spaced 0*59 to 0*67 mm. apart. The apertures are small, 
circular (about 0*08 mm. in diameter), and are exserted: the distance between the 
centres of successive apertures is 0*28 to 0*36 mm., and there are about 31 apertures in 
10 mm,; there are four to six apertures to a fenestrule. The fenestrules are oval, 0*96 
to 1*68 mm. long and about 0*4 to 0*6 mm. wide; the dissepiments are without tubercles 
and are from 0*4 to 0*6 mm. wide. On the reverse surface both branches and 
dissepiments are evenly rounded, and they are of about the same thickness; the 
branches are ornamented on this surface by fine longitudinal striae. In addition, 
several pillars arise from the reverse surface and pass backwards perpendicularly to 
the surface of the frond beneath; these pillars range from about 0*76 to 2 mm. in 
diameter: rather numerous blunt nodules on the reverse surface of some parts of the 
frond represent the broken ends of additional pillars. The zooecia themselves are 
triangular in outline on the basal plate. 

The upper end of the shaft appears to have been damaged during growth, and 
from the expanse on the left-hand side of the end (PI. 11, flg. 1) and about 11 mm, from 
the axis a small adventitious shaft, of which only about 4 mm. near the base now 
remains, had commenced to grow. 

This species occurs in the Riverleigh Limestone, which contains a Lithgstrotion^ 
Amygdallophyllum fauna, and is of Upper Vls^an age, or possibly very slightly younger; 
the coral fauna has been described in detail and the age of the fauna fully discussed 
by Hill (1934; 1943, 62). 

A. regina is remarkable amongst described species of Archimedes tor the cocu*seness 
of the meshes of the frond, the largest known number of zooecia to a fenestrule In 
other species being from three to four. The most similar described species Is A* gMyi 
(Condra and Elias), 1944, from the Pennnsylvanian of Utah, but this form, altltioug^ H 
has a similar type of screw, has a very much flner mesh in the frond. 
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Aechimrdbs ttPiRALifl, iv» Bp. PL ii, ftga. 3^; Text^ftg. 14. 

Archimedes (pars), Whltehouse, 1929, xil; Hill, 1934, 105* 

ffototype: F.5609, Univ. Queensland Colin. 

Horixon and locality: Riverlelgh Limestone, Pore. 21 and 22, Par. Malmoe. 

Archimedes with an exposed cylindrical screw and narrow, slightly ^ring flange; 
2*5 volutions to 2 cm.; angle of divergence of frond about to 70^, frond coarse 
meshed, 

The holotype is portion of a long, curved screw, 10*3 cm. In Us total length, and 
comprising about 13 volutions; the frond has been broken olt along Its line of junction 
with the axis. The screw was originally more or less fusiform, but was considerably 
deformed during the growth of the soarium. Between the sixth and seventh volutions 
the shaft was fractured obliquely, and later more or less completely cemented together 
at this point; after fracture tbe lower part of the screw must have been more or less 
recumbent, and the upper part curved sharply upwards away from the original direction 
of growth; at the time the shaft was fractured the frond was broken away from tbe 
axis almost completely from the third to seventh volutions and partly from the eighth 
and ninth, and tbe tissue of the shaft and flange has almost completely grown over 
and covered the broken edges of the frond in this part of the zoarium; in addition, 
there was a profuse growth of rootlets, some of them very long, thick, and forked, 
from the lower side of the xoarium beneath and just above the fracture. Unfortunately 
the limestone in which this slliclfied specimen was preserved contains numerous tiny 
cross fractures, and these, crossing the fragile rootlets, caused them to break up into 
short segments as the specimen was gradually etched from its matrix; the broken 
bases of these rootlets remain on the shaft; one of the broken rootlets is shown in 
PL 11. fig. 3. 

The shaft Is cylindrical, being a ^'straight" mechanical screw, and is exposed and 
slightly fusiform; in the lowest two volutions preserved, the shaft is very thin and 
almost cork-screw in character; above this a ring of rootlets Joins the shaft; these are 
up to 1*6 mm. thick where they join the shaft, and as they occur all around the shaft 
and not only on the lower side, supported the soarium before it was fractured; the 
shaft then thickens abruptly and from this point on is cylindrical. The flange la 
narrow and slightly flaring, and leaves the shaft well exposed. The diameter of the 
shaft for the first two volutions was only about 1-7 mm.; above this the diameter of tbe 
shaft varies from 4*8 mm. at the base to 6*3 mm. at its thickest part and 4*3 mm. at the 
highest volution preserved; the maximum diameter of the flange is up to 9*0 mm. The 
volution height is 7*6 to 9*2 mm., so that there are almost 2*6 volutions in 2 cm.; the 
shaft is exposed for about 4 to 6 mm. between successive volutions, and the frond 
was given off at an angle of about 66 to 70''. The surface of the tissue of the shaft 
shows faint striae, which are straight on the exposed surface of the shaft and then 
flare outwards over the base and inwards over the upper surface of the flange. 

Unfortunately the specimen fractured into small pieces so rapidly and the stlicifled 
tissue of the shaft and flange adhered so firmly to the surface of the branches of tbe 
fenestrate part of the zoarium, except where it had been naturally weathered along 
their contact, that It was Impossible to expose the fenestrate part of the zoarium 
satisfactorily; the flange and part of the shaft at one volution were chipped off and 
the surface polished until the level of the meshwork was reached (Text-fig. 14). This 
shows that the fenestrules are very long, from at least more than 1*36 mm. to more 
than 1*6 mm. in length; from the broken edges of the frond also it Is clear that 
the fenestrules must have been very long, as, although when the branches and dlssepl* 
ments are weathered out from the shaft tissue they stand out very clearly and 
distinctly from the tissue of the flange, quite long distances of a branch are often 
shown clearly without any sign of a dissepiment being present or of its having been 
broken off. The width of the fenestrules Is about 0*6 to 0*96 mm., and the width of the 
dlsseptments 0‘1€ to 0*24 mm. The branches are about 0*21 mm. wide immediately 
after hituroaUon, their width Increasing to up to 0*4 mm.; there are two rows of 
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Text-ftg». 11, 20 . — Arohimedeit regina^ n. «p., x 10. 11. Obvarae surface of the frond of the 

holovype. 20. Fragment of the frond of the bolotype ground down from the reverse surface 
to show the shape of the cells close to the basal plate. 

Text"flgs. 12, IG. — FlsiuZawinii malmoensis, n. sp., x 10. 12. Surface of the holotype, 

15. Oblique tangential section of a second specimen etched from the same piece of limestone. 

Text-fig. 13. — Polyjwra «wI<H/era, n. spT, x 10. Obverse surface of the holotype. 

Text-dg. 14. — AroMmedss apiratia, n. sp., x 10. Fragment of the flange of the holotype 
ground down to the level of the meshwork. 
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Booecia, Increasing to three only immediately before a branch bifurcates; the sooecia 
are triangular in outline, and Just after bifurcation they form an only slightly 
staggered row. There were evidently about six to seven zooecia to a fenestrule, and 
about 30 in 10 mm,, the distance between the centres of successive apertures being 
0*29 to 0*36 mm. The zooecial apertures are rounded, 0*11 mm. In diameter; no sign 
of a Carina or of nodes could be seen. The dissepiments are depressed below the level 
of the branches on both obverse and reverse surfaces. 

This species is differentiated from A. regina, n. sp,, by Its different type of screw 
and shorter volution height; the fenestrate part of the zoarium also appears to have 
had thinner branches, longer fenestrules, and finer branches than A. regina; these two 
species both occur In rocks of Upper Vis^an age, associated with an Amygdallophyllum- 
Lithoatrotion coral fauna. The coarseness of the fenestrate part of the zoarium separates 
this species from any other described species of Archimedes. 

Family AcANTuocLADiri>AE Zlttel. 

Genus PENNiRmEPORA d’Orblgny, 1849. 

Pmniretepora d'Orbigny, 1849, 501; Prnnirvtepora d’Orblgny, Bassler, 1935, 165. 

PENNIRKTEPORA KRAGiMS, n. sp. Pi. Ill, fig. 3; Text-flg, 19. 

Holotype', F.5768D, Univ. Queensland Colin. 

Horizon and locality: Riverleigh Limestone, Pors. 21 and 22, Par. Malmoe. 

Fine Peaniretepora; three, rarely Um to five, zooecia between the origins of ane- 
cessi?!c hranches ; alight carina, with small, distant nodes. 

The zoarium is pinnate; the midrib is very thin, 0-5 mm, wide at Its lower end, 
tapering gradually to 0*28 mm. at the top. The latenil branches, which are usually 
placed almost level with each other on opposite sides of the midrib, are given off at 
an angle of from 45'" to 75'’; they are from 0*25 to 0*4 mm. wide, and the carinae of 
successive branches are spaced 0*71 to ] '68 mm., but usually between 1*0 and 1*24 mm., 
apart; there are about 8*6 lateral branches iu 10 mm. One of the lateral branches is 
Itself pinnate, the first branch arising from it 1*03 mm. from the midrib: the spacing 
of the laterals on this branch is the same as thtdr spacing on the midrib. The zooecia! 
apertures are small and rounded, about 01 mm. in diameter, and they are In two rows, 
separated by a slight cariiia; small nodes were developed at distant intervals (about 
0*9-“l*2 mm.) on the carina. On the midrib there are usually three apertures between 
the points of origin of successive branches, but this number varies from two to five. 
There are 28 apertures in 10 ram. on the midrib, the distance between the centres of 
successive apertures being 0*31 to 0*44 mm,; t!»e spacing is similar on the lateral branches. 
The surface between the apertures is ornamented by tiny granules, as is also the 
reverse surface. 


Family RuABuoMKSoNrtOAK Vine. 

Genus Rharpomeson Young and Young, 1874. 

Hhahdomeson Young and Young, 1874, 337; Hhahdonteson Young and Young, Moore, 
1929, 141; Crockford, 1944, 166. 

Ruabdomeson, sp. Indet. Text-fig. 22. 

Specimen: F.67e9B, Univ. Queensland Colin. 

Horizon and locality: Oolitic Limestone, For. 193, Par, Mundowran. 

The zoarium is ramose, the specimen being a hollow, cylindrical branch; the section 
is 2*16 mm. long, and passes through the centre of the zoarium; the zoarium is 1*19 mm. 
In width at the widest point cut in the section. The axial canal reaches a diameter of 

Text-fig. 16 . — Feneatrellina yan'olenaia, n. «p., x 10. Obverse surface of the holotype, 

Text-figs. 17-18. — Femairellina, sp, Indet., x 10. Reverse and obverse surfaces of specimen 
F.SflOft, Queensland Univ. Colin. 

Text-flg, la.-^Penaireteporo fragilia, n. sp., x 1^. Obverse surface of the holotype. 

Text-flg, 21 , — Bamipora iBaviiporella) fiemioati, n. ap., x 10. Two adjoining fragments 
of the holotype, which fractured along the broken surface shown. 
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0*36 mm./ and appears to have been divided up by thin, straight dlaphragmst epaoed 
about 0*46 mm. apart. The zooeola are short, and they diverge from the outer margin 
Of the axial canal at an angle of from about 80*^ to 45'', and on the lower right<»hand 
side of the section, the only part in which the surface has not been worn away, they 
curve outwards at the base of the cortical zone to meet the surface at right angles. The 
zooecia are thin walled close to the axial tube, but the walls are about 0*08 nun. thick 
^ in the cortical zone, which is 0-28 to 0*32 mm. in radius. The apertures wore about 
0*16 mm. long and there were about 4 apertures in 1 mm. longitudinally. There are 
no diaphragms, but one or two very prominent superior hemlsepta are developed In 
each zooeclum at the base of the vestibule. A few comparatively large acanthopores 
are shown in section. 

This single tiny specimen of Rhahdomeson was cut in one of the thin sections of 
the oolitic limestone containing EvcLCtinopora irregularis, n. sp.; it is here figured 
and described as a record of the occurrence of this interesting genus in the Carboniferous 
of Queensland. 
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Toxt-fls. 22. — Rhahdome 0 on, ap. indet.. x 20. Thin section through a aoarium cut in one 
of the slides of Evaotinopom irregularitt (specimen F.5769, Unlv. Queensland CoUn.). 

Text-lig. UtrehJoirypa, sp. indet.. x 20, Thin aerlion through a aoarium cut In one 
of the slides of Dpbowskiella orescvntioa (specimen 0448, Sydney IJniv. Colin.). 



Genus STREBtOTBVPA Ulrich, 1860. 

Strehlotrypa Ulrich, 1890, 403, 666 ; Strelilotrypa Ulrich, Bassler, 1929, 66 ; Crockford, 
1944, 168. 


Strerlotbyfa, sp. indet. Text-fig. 23. 

Specimen: 6448B, Sydney Unlv. Colin. 

Borisson and locality: Crlnoidal Limestone, Old Cannindah Homestead, near Monto, 
Queensland. 

Two small fragments of a new species of 8trel>lotrypa are shown in a section made 
from the crlnoidal limestone at Cannindah, and they are described here for the purpose 
of recording the occurrence of this genus In the Lower Carboniferous of Queensland. 

The zoarium is ramose, the branches being from 0*8 to 1 mm. in diameter; there 
appear to have been about 10 longitudinal rows of zooeolal apertures. The apertures 
are oval, 0*13 x 0*16 mm. in diameter, and were arranged In regular longitudinal and 
apparently also in diagonal rows. The distance between the centres of successive 
apertures was about 0*81 mm. The area behind each aperture contains about five 
mesopore pits, and where they are most clearly shown these are arranged in quincunx. 
No acanthopores occur. The zooecial tubes are relatively rather long, being about 
0*66 mm. In length. They diverge from an imaginary axis running through the centre 
of the branch and curve upwards for sfme distance, then bend outwards more sharply 
to the surface. Neither hemlsepta nor diaphragms were observed In these seotlona The 
mature zone is from about 0*16 to 0*22 mm. In width. 
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liike BtrehXotrypa pctrallela, n. sp*, from the Lower Btirin^l Serie» of New South 
Wales, this species, with Us sooecla diverging from the centre of the soarium without 
the occurrence of a central bundle of small tubes, appears to be a t^lcal Lower 
Carboniferous representative of this genus. 

Part II. Lowkr CAUBONirBsouB Bbyosoa from New Soityh Wales, 

Although Bryozoa are abundant In the lower Carboniferous rocks of New South 
Wales and were first recorded from them as long ago as 1S47, when M*Coy (1847, 226) 
briefly recorded **Fene»tella undulata Phil.’* and ^^Olauoonome . . . allied to the (7. pluma 
(Phil.)'* from Dun vegan on the Paterson River, very little research has since been 
done on this group from the Carboniferous here. Benson (1&2X) has listed forms 
described or recorded from the Burindi Series of New South Wales prior to that date; 
the Bryozoa listed in bis Index amount to a total of twenty-seven forms, referred at 
that time to fifteen genera. This list la deceptively long; U includes many records 
which, while they serve to indicate the localities at which Bryozoa principally occur, 
refer only to manuscript names, or to records, unaccompanied by a description or by 
figures, of the occurrence of either a species or a genus: and upon such records, which 
usually refer to one of the species described by Lonsdale from the Permian of Tasmania 
or to a Kuropean Carboniferous species, no reliance at all can be placed. Kxcludlng 
these brief records, there were ten species occurring^ in the Burindi of . New South 
Wales of which descriptions accompanied by figures had been given prior to the 
publication of Benson’s Index. Of these ten species, three were species described as 
new by Chapman In 1920 (866-7), and the remainder, four European species and three 
new species, were described and figured by de Koninck in 1877 (128-140). Since 1921 
no specit^s occurring in the Lower Carboniferous of New South Wales has been 
described or flguied, although the lists of fossils In several papers dealing with 
Carboniferous stratigraphy mention the occurrence of different genera and species of 
Bryozoa. 

FistuHpora microscopica Chapman, Oycloidotrypa attjstrali^ Chapman, and Hallopora 
fruticosa Chapman were described from material collected from the Burindi Series In 
the Parish of Moorowarra, near Somerton, Cycloidotrypa being described as a new 
genus. Unfortunately it is Impossible to recognize these species from the descriptions 
or illustrations, and the type specimens (in the collections of the Mining Museum, 
Sydney, O. S. Reg. 4406, according to Benson) appear to be lost. 

The specimens which de Koninck described were amongst the collections made in 
Australia by Rev. W. B. Clarke, and sent by him to Europe for description; when they 
were returned to Australia these specimens were placed in the Exhibition held in the 
Garden Palace In Sydney; this building was burnt in 1882 and the specimens therefore 
lost. The dlfflculty of identifying some of de Koninck’s species Is increased by the fact 
that several of the locality names which he used cannot now be traced and it is not 
therefore possible to collect topotype material. 

The three new species which were described by de Koninck from Burindi localities 
are Dendricopora hardyif Feneatelta propinguat and Retepora ? la®a, the first of these 
being the type of a new genus. 

Dendricopora hardyi de Koninck (de Koninck attributes the specific name to Clarke, 
who had suggested it in manuscript) is a PfUopora-llke form; Bassler (1985, 90) has 
listed Dendricopora as a synonym of Pfilopora M’Coy, but according to de Konlnck’s 
description, Dendricopora possesses three Instead of two rows of cells on both midrib 
and branches, and if this statement be correct, Dendricopora is a distinct genus. There 
were unfortunately no specimens in the collections used for this paper which could be 
identified with either de Konlnck's figures or his description of this form; FHlopora 
koninckit n. sp., has a similar growth form to D. hardyi, but has only two rows of 
sooecla^ and is furthermore too small a speclfs to be Identified with de Konlnck’s 
description. 
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The other two oew species described by de Koninck are revised in this paper 
as ycticstrcliino propi/i^uo (de Konizick ) (pp* 56—36) and Oouiocledio loxo (de JConlncic) 
(pp. 59-31 >, 

Four European species of Bryozoa were also described and figured by de Koninck 
from Burindl localities. These were recorded as Penniretepora grandis, Fenestella 
pleheiOi Penestetla mulHporata and Polypora papillata^ all species originally described 
by M'Coy from the Carboniferous limestone of Ireland in 1845, The figures and 
descriptions of these four species given by de Koninck do not correspond sufficiently 
closely with those given by M*Coy to suggest that the Australian specimens were 
identical specifically with those described by M’Coy. Fenestella fossula Lonsdale, 1844, 
was considered by de Koninck to be a synonym of Fenestella plebeia M'Coy; Etheridge 
(1892) has already shown that de Koninck's description of specimens from the Burindl 
differs widely from Lonsdale^s description of F. fosmla from the Permian of Tasmania, 
and this record of the occurrence of F. fossula in the Burindi Series Is therefore 
Incorrect. 

No species of bryozoan occurring in this material from the Burindi Series, or in 
material from marine intercalations in the Lower Kuttung Series in New South Wales, 
could bo identified or even closely compared with any species known to occur in the 
Permian here. Indeed, the whole aspect of the two faunas is different; as has been 
pointed out in the introduction to this paper, the Carboniferous contains a fauna of a 
much more varied type than the Permian. 

Amongst the fenesteUids, the species occurring in the Burindi and Kuttung are 
of quite a different type to the Permian forms— in the Burindl and Lower Kuttung, 
fenestollids with small triangular or ovoid zooecla and fragile branches and dissepiments 
predominate, whilst the Permian forms are more robust, and almost without exception 
have larger, rhomboid zooecia. Benson (1921, 6) pointed out that of a total of some 
three hundred species known to occur in the Burindi, only thirteen species were at 
that time considered to extend into the Permian In New South Wales; of the thirteen 
species he so listed, five are Bryozoa, all of them fenesteUids, and it Is improbable that 
any of the species so listed do occur in both the Lower Carboniferous and Permian. 

The full localities from which the specimens described from New South Wales 
were collected are as follows: 

Glen William: Lower Burindi Series, Glen William, where the thin horizon in 
which Bryozoa occur abundantly forms a ridge west of the Glen William-Clarence town 
Rd. in Poi’s. 201 and 204, west part of 22 and east part of 21, Par. Wallarobba. Co. 
Durham; this horizon lies about 200' below the base of the Lower Kuttung Series in 
this area, and is believed to be the locality referred to as Glen William by de Koninck. 

Hilldalo; Lower Burindi Series, near Hllldale Railway Station, in Pors. 100 and 
102, Par. Barford. Co, Durham; the horizon rich in Bryozoa lies about 400' to 600' 
below the base of the Lower Kuttung Series, and la probably to be correlated with the 
bryozoan horizon at Glen William. 

Barrington: Outcrop of fosslliferous mudstones on the bank of the Williams R., 
about 100 yds. from Barrington House, Barrington Tops; this horizon probably lies 
within the Lower Burindi Series, but it cannot at present be closely correlated with 
horizons In other areas. 

Rouchel Brook: Marine intercalation in the freshwater Lo\ver Kuttung Series, 
hanks of Rouchel Brook, just upstream from the Cameron Bridge, in Pors, 1 and 84, 
Par. Rouchel, Co. Durham; this horizon Is a thin fosslliferous marine tuffaceous mud* 
stone horizon intercalated in the Lower Kuttung Series about 800' to 1,000' above Its 
base (a large part of the Lower Kuttung Series below this horizon consists of lava 
flows and coarse conglomerates). The facies and fauna of this horizon are distinct 
from those of the Upper Burindl limestone facies intercalated on higher horizons in 
the lower Kuttung Series, 

Back Creek: Marine intercalation in the freshwater Lower Kuttung Scries, In 
Back Creek at its junction with Woolooma Gully, In Per. 84, Par. Doon, Co, Durham, 
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This locality is close to Eouchel Brook (of which Back Creek Is a tributary) and is 
believed to represent the same horison. 

Taree: Upper Burindi Series, In Taree Quarry, For. 18, Par. Taree, Co. Macquarie; 
this area has been mapped and the fauna of this horizon has been discussed by 
Voisey (1938). 


Description oi* Speciks. 

Order Cvclostomata Busk. 

Family FisTcniPouinAE Ulrich. 

Sub-family Fihtitui»ouinak, n. sub-fam. 

Genus Fistumpoha M’Coy, 1860. 

FistuUpora M’Coy, 1850, 131; FistuHpora M’Coy, Ulrich, 1890, 382, 474; Bassler, 
1929, 41. 

Fistcupora MiKARi, 11 . sp. PI, iv, fig. 4; Text-fig. 26. 

Ilolotype: 6432, Sydney Univ. Colin. 

Horizon and locality: Lower Burindi Series, Glen William (holotype); Lower 
Burindi Series, Hilldale (7404, Sydney Univ. CoUn.). 

FistuUpora ucith a very thin, nprcading unilaminate zoariiim; zooecial tubes short, 
indented by slight lunaria, and separated by coarse twsicular tissue. 

The zoarium is an extremely thin spreading expansion, 0-6 to 1 mm. in its total 
thickness, and may be either fiat or rather buckled; none of the specimens observed 
were attached at the lower surface; the zoaria are unilaminate, the tubes arising from 
a veiy thin basal lamina and curving to meet the siiri’ace obliquely; the length of 
individual tubes is usually 0-8 to M mm. The zooecial apertures are 0*28 to 0-36 mm. 
in diameter, and they are indented by the development of a thin luuarium at the 
proximal side of each tube, the tube wall being curved to a slightly shorter radius 
around about one-third of its circumference (Text-fig. 26). In 7 sq. mm. there are 
about 18 to 23 zooecial apertures. The zooecia are separated by comparatively coarse 
vesicular tissue; there are one or two, rarely three, rows of vesicles between adjacent 
apertures, the vesicles ranging in diameter up to about 0-25 mm. At Irregular and 
rather distant Intervals the vesicles are aggregated to form spoMlke maculae up to 
2 mm. In diameter. 

This species, which Is readily recognized by its thin spreading unilamlnate zoarium 
with maculae far less conspicuous than those of FvacHnopora trifoliata and Divhotrypa 
? fragilis, n. spp., is only one of several species of FistuUpora ocxmrring in the Lower 
Bin’indi Series at Glen William and Hilldale; other species with distinct zooecial 
characters occur encrusting crinoid stems, etc., but are represented by specimens too 
poor for detailed description. 

In the form of Its zoarium this species closely resembles the genotype, F. minor 
M’Coy, 1850, from the Carboniferous of Derbyshire, but it dllfers in the details of Its 
zooecial structure. FistuUpora microscopica Chapman, from the Burindi Series, Par. 
Moorowarra, near Somerton, had apparently a much thicker zoarium, and differed from 
this species In its much finer zooecial tubes and vesicular tissue. 

Genus Dybowskiella Waagen and Wentzel, 1886. 

Dybowskiella mhomboidka, n. sp. Text-fig, 82. 

Bolotype: 6426, Sydney Univ. Colin. 

Horizon and locality: Upper Burindi Series, Taree Quarry In For. 18, Par. Taree. 

Laminar to small massive Dybowskiella; lunaria strong^ their ends indenting and 
projecting into the zooecial tubes; zooecia tubular, with few diaphragms, and separated 
bp coarse vesicular tissue, which is replaced by dense tissue as the surface is approached. 

The zoaria are small irregularly shaped manses up to 15 cm. long, maasive In 
appearance hut actually built up of a number of laminae from 1 to 2 mm. or more in 
thleknefis; occasional laminae may extend some way beyond the edges of the main 
part of the colony. Small spot4ike maculae about 1 x 16 mm. in diameter occur 
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Text-flg». 24'25.~"Ntr«Motrvpa paralUla, n. 8p, 24. Surface and olbUque fractured aurface of 
pan of the holotype, x 10, 25. Surface of the holotype, x 80. 

Text -flic, 26.™-Fw?uMpor« m^rarl. n. Bp. Weathered Burface of part of the holotypei x 10. 
The Kooecial tuhc« etand out «l*ghtly above the weathered vealcIeB «o that part of thatr 
outer surface In shown, 

Text-flga. 27-28.-~i}ioAotrvpa fraffiU^* n, sp. 87. Outline diagram of the holOtyp^i j!< i. 
28. Part of an oblique weathered surface of the holotype^ passing from the level of the ihestat 
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Irregularly, these maculae being composed of vesicular tissue (or of solid tissue near 
the surface) and being surrounded by zooeclal tubes larger than the average. In 
7 SQ. mm. there are about 23 zooeclal apertures. 

The xooecla are tubular; the lunaria are prominent and strongly developed, and 
they deeply indent the sooecial tubes, into which their ends project; the measurements 
of tubes of normal size are: a, 0*23 to 0*29 mm.; h, 0*28 to 0*36 mm. (usually more than 
0*32 mm.); c, 0*11 to 0*14 mm.; d, 0*10 mm.; but zooecla of larger size are commonly 
found bordering the maculae. The lunaria occupy about one-third of the circumference 
of each tube and they are typically strongly thickened. An occasional thin complete 
diaphragm is developed in the zooecial tubes. The zooecla lie horizontal for a very 
short distance at the base of each lamina, and rapidly curve upwards to meet the 
surface almost at right angles. Comparatively coarse thin-walled vesicles separate the 
zooecla throughout the greater part of their length, and these vesicles are aggregated 
at intervals to form the maculae; two. rows of these vesicles are found between 
adjacent zooecla. the line along which these two rows Join being usually very distinct 
and thickened, giving a characteristic appearance to this form in tangential sections; 
it is to this apparcmt division of the zoarium into distinct rhombic areas that the 
specific name refers. As the surface is approached the vesicles are replaced by dense 
tissue, which occupies the spaces between the zooecla in the outer 0*25 to 0*8 mm, of 
each lamina. 

The strong lunaria and the prominent thickening along the line of junction between 
the two rows of vesicles between adjacent zooecla readily distinguish this form from 
described species of the genus; it most closely resembles D. creacenticat n. sp., from 
Cannindah in Queensland, but differs in the slightly larger size of the zooeclal tubes, 
the shape of the zooecla, and the structure of the vesicular tissue. Fragments of this 
species appear to be quite common in the limestone at the type locality, where it Is 
associated with other flagmen tal Bryozoa (a species of FiatuUporaf Fistulamina sp., 
etc.) in the matrix between and around the large compound coral Aphrophyllum ct 
Halleme Smith. The Taree limestone contains an Upper Vis^an coral fauna. 

Sub-family Hkxaqonellinae, n. sub-fam. 

Genus BvAcrrxNoPOKA Meek and Worthen, 1866. 

Evactinopoka trikouata, n. sp. PI, iv, fig. 1; Text-figs. 30, 31. 

Holotype: 6438, Sydney Unlv. Colin. 

Horizon o»d locality: Lower Burindl Series, Glen William. 

Three^ayed Kvactinopora; ray a very thin, bifoliate, surface with very elongate, 
depressed maculae: zooccia short, slightly indented by a thin lunarium, and separated 
by vesicular tissue. 

The zoarium is composed of three very thin vertical bifoliate rays, attached at 
their base to a Spirifer; the rays were placed at angles of approximately ISO**, 110“ 
and 100“ to each other. The incomplete height of the rays at the centre of the zoarium 
is 2*2 cm.; their bases curve slightly downwards away from the centre along the 
Spirifer, and the maximum height shown is therefore greatest slightly away from the 
centre of the zoarium and is 2*7 cm.; the rays are up to 1*8 cm. wide at their widest 
point. Each ray la D-shaped in outline, and along their lower edges they are lightly 
attached to the Spirifer shell, and the bases of the rays appear to have spread very 

liunina adjacent to a macula on the left-hand aide to near the surface close to a macula on 
the right-hand side, x 10. 

Text-fig, 29. — “HatostomcUa" lineota, n. sp. Surface of the holotype. x 10. 

Text-figs. 30-81. — Wvactinopora trifoUata, n. sp, 30. Outline diagram of two rays of the 
holotype, X 1. 31. Weathered surface of part of one ray adjoining two maculae, x 10. 

Text-fig. 32.— BpbotcskioBa rhowboidea, n. sp. Oblique sei^tUm through the holotype, x 10. 

Text-figs^ 33-36, — FiatMlamtna inomafa. n. sp,, x 10. 33. Oblique tangential section close 

to the surface of a topotype. 84» Oblique tangential section of a topotype passing from close 
to one surface at the lower end through to the mesial lamina and to the sooecla adjoining the 
thesial lamina on the other surface. 36. Transverse section of a topotype. 36, Vertical section 
Of a topotype. (Slides in Sydney Unlv. Collm) 
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sllgbtly over the surface of the shell; above this the rays are free. Long, slightly 
depressed maculae radiate from the base of the colony; these maculae are of strikingly 
large size, being from 6 to 10 mm. long and up to 2 mm. wide; they are also closely 
spaced, the distance between them being about 3 mm. longitudinally and 2-5 to 4 mm. 
transversely. These maculae apparently originally comprised a very thin layer of 
vesicular and solid tissue, now almost completely weathered away to leave a long oval 
space, but it is possible that they were originally spaces and, therefore, originally 
fenestrae rather than maculae. 

The zooecial apertures are small and are slightly indented by a thin lunarium 
extending around about oue>third of the circumference; the size of the zooecla is: 
a, 0-24—0-29 mrn.; h, 0'2~0*27 mm.; c, 0-09-0-11 mm.; d, 014-0-lG mm. The zooecial 
tubes are very short indeed, being parallel to the mesial lamina for a short distance 
and then bending upwards to meet the surface rather obliquely. The interspaces 
between the zooecla are occupied by fine vesi<;les, one, rarely two, row of vesicles 
occurring between adjacent zooecia. The number of zooecia in 7 sq. mm. Is 32 to 85. 

This species appears to be an Evactinopora of very primitive type. The genus, 
which lias hitherto been described only from the Burlington and Keokuk Groups of 
the Osage Series of the Miwsissippian of the United States, the Upper Vls6an of 
Queensland and the Permian of Western Australia, comprises typically forms with four 
or more rays, which are free and typically have strong, comparatively thick rays, 
the surface being marked by small, solid maculae. This species possesses only three 
rays, these being extremely thin and fragile compared with those of other described 
species; however, although none of the species so far described has fewer than four 
rays, one un described species, occurring in the Permian of Western Australia, possesses 
only three very thin vertical rays, although in other ways it is a typical JOvactifiopora. 
This species also differs from other described species in being attached at its base 
(it is passible that E, iircgularis, n. sp., may also have been an attached species); 
this indicates that it is a more primitive form than the free zoaria which developed 
later. 


Genua Fibtulamina, n. gen. 

Genotype: Fistulaniina inornata, n. sp. 

Bange: Carboniferous. 

Zoarium bifoliate: branches ribbon-Uke, edges with narrow non-celluUferous 
margins: surface without maculae or hexagonelUd ridges; internal structure fistuli- 
poroid, lunaria present; intersooecial spaces in the central pari of the zoarium occupied 
by vesicular tissue, tohich is replaced by dense tissue as the surface is approached. 
This genus is proposed to Include forms which closely resemble 8ulcoretepora 
extornully but whose internal structure Is similar to that found In Hexagonella. In 
Sulcoretepora, ribbon-llke bifoliate zoaria with the zooecial apertures usually arranged 
in distinct longitudinal ranges, frequently separated by parallel ridges, are developed; 
lunaria and hemisepta are commonly present; internally, the zooecia are semi-cordate 
in outline, and are arranged In longitudinal rows between vertical double plates; 
vesicular tissue is developed between the zooecia near the mesial lamina, but closer 
to the surface the zooecia are separated by dense tissue. In Fistulamina, however, 
although the external appearance of the zoarium is similar, the zooecia are separated 
near the mesial lamina by vesicular tissue, without any development of vertical plates 
between the rows of zooecia; the zooecia themselyes are tubular instead of seml- 
cordate, show no development of hemisepta, and possess poorly-developed lunaria; 
this type of Internal structure is therefore closely related to Hexagonellu and is quite 
different from that shown In Sulcoretepora. Fistulamina differs from ffexagonellOf 
however, In lacking the characteristic hexagonelUd ridges developed In that genus and 
particularly in its lack of maculae; maculae are strongly developed in the broad 
frond-like species and in some of the ribbon-llke species of He^oponeUa, and In the 
ribbon-like species the edges of the branches are usually not parallel but are lobedt 
with the nou-celluliferous border of the branch continued Inwards as a small macttla 
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between the lobes; the soarla of Fistulamina are also smaller and more flattened than 
those of Hexagonella. 

Fistu lamina inornata, n, sp., is a very common and characteristic form in the 
Lower Burindl and slightly younger rocks of New South Wales: a number of 
undescribecl sj^cies congeneric with this form occur in the Burindi Of New South Wales, 
in the VisSan at Mundubbera in Queensland, and also at Ml. Barney and other localities 
probably of Neerkol (Upper Carboniferous) age in Queensland. Meekopora ? aperta 
Ulrich, 1890 (p. 486), appears to be an American represeuiatlve of this genus. 

Fistula MINA inounata, n. sp. PI. Iv, figs. 5-6; Text-flgs. 33-36. 

Holotype: 6431, Sydney Univ. Colin. 

Horizon and loaality: Lower Burindi Series, Glen William (holotype); Lower 
Burindi Series, Hilldale (7405, Sydney Unlv. CoUn.); marine intercalation near base 
of Lower Kuttung Series, Back Creek (7426, Sydney Univ. Colin.), 

Zoaria nurroic, bifoliate^ rihhon-Ukc : zooetrial apertures small, with slight lunaria, 
arranged in H ta 10 longitudinal rows and in diagonally intersveting rows on both sides 
of zoarium; zooeeia tubular, separated by vesicular tissue near the mesial lamina, but 
by dense tissue as the surface is approached. 

The zoarium consists of flattened bifoliate branches, 1*3 to 2*95 mm. wide, which 
bifurcate at fairly frequent intervals, generally between 0*6 and 1*6 cm,; bifurcation 
usually takes place in the plane of the mesial lamina. The branches are 0*6 to 0*7 mm. 
thick In the centre; both edges are rather blunt, the branches being elliptical in 
cross-section, and the non -poriferous margins of the branches are narrow and of about 
equal width on each side; a slight longitudinal ridge along each margin marks the 
position 0 the edges of the mesial lamina. The zooecial apertures are small and are 
rounded to very slightly oval; they are about 0*16 mm. In diameter. They are not 
indented by lunaria, and they are not surrounded by raised peristomes, although in 
thin sections slight lunaria can he distinguished. The apertures are usually arranged 
In 8 to 10 longitudinal rows on each surface, the number of rows being increased 
before bilurcatiou of the branches; they are also arranged in diagonally intersecting 
rows. There are about 19 apertures in each row in 10 mm., the distance between the 
centres ol successive apertures being from 0-4 to 0*63 mm. The surface between the 
rows of apertures is smooth and finely granular; there are no longitudinal ridges 
between the rows of apertures. 

The zooeeia are short and tubular; they are placed back to back along the mesial 
lamina lor a short distance and then bend outwards abruptly so that the vestibules 
meet the surface at right angles. In the central part of the zoarium near the mesial 
lamina the zooecla are separated by numerous srnaii, thin-walled vesicles; close to the 
surface ihOBc are replaced by dense tissue. Neither hemisepta nor diaphragms are 
developed in the zooecial tubes. 

Meekopora ? aperta Ulrich (1890, 486) shows a general resemblance to this species 
in Its external appearance and Internal structure, and should probably be referred to 
the same genus, though it is specifically distinct; M. ? aperta la from the Keokuk Group 
of Kentucky. Diflereuces in size and in luuarial development readily distinguish 
Fistulamina inornata from F. malmoensis from the Vis^an of Queensland. Species of 
Sulcoretcpora which externally resemble this form are readily differentiated by 
differences in their internal structure. 

Sub-family Gonioclauiinae Waagen and Plchl. 

Genus Gonioclama Etheridge, 1876. 

Qoniooladia Etheridge, 1876, 522; Ooniocladia Etheridge, Bassler, 1929, 88; Moore, 
1929, X64; Crockford, 1944, 157. 

Gonioouadia laxa de Koninck, 1878. Pi. v, figs, 3-6; Text-flgs. 40, 41. 

1 laitn de Koninck, 1878, 182, and 1892, 139; Goniocladia laxa de Konlnck« 
JStheridge in Benson, 1921, 29. 
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Bolotype: All ot the specimens used by de Koninck wore lost In a lire at the Qarden 
Falace In Sydney in 1882; a neotype is not selected here as no topotype material Is 
available. 



Texi-flgB. 37-38.— jeamiporu (BawifwraUo) bt/uroota, n. sp., x 10. 87. Fractured secttoa 

through a branch of the holotype. 88. Cast of part of the obverse surface of the hblotype. 

Text-flg. 39.—C?on<ooZadiii iMirva. n. »p. Fractured section through the holotypc, x 10, the 
section being partly close to. and partly at, the obverse surface In the top central branch. 

Texl-flss. to-41. — aoHiooladio Joopo (de Koninck), x 10. 40. Weathered section thrbush 

part of ft specimen from Hilldale (Specimen figured on Pi. v, figs. Si 4). 41. Cast of the 

obverse surface of a second specimen from HlUdale (specimen figured on FI. v, fig, 8). 
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Morigon and locality: de Koainck’s opecimenB were from **Colo Colo and BnrraKood*'» 
two Lower Burlndt localities on the Allyn and Paterson Rivers. Benson (1918i 506) 
recorded but did not describe or figure this species^ Identified by Dun^ from the Burlndi 
Series at Crow Mountain, near Barraba. Etheridge, In an unpublished manuscript, 
states that he had specimens of this form from the Allyn River. The specimens which 
have been used for the revised description given here (specimens 5484, 5427 and 7411, 
Sydney Univ. Colin.) are from the Lower Burlndi Series at Hilldale. 

Coarse Goniocladia; fenestrules large, irregularly polygonal; branches rather thin, 
eharply angular on the obverse and broadly rounded on the reverse surface, both 
surfaces being carinate; zooecial apertures in three, rarely more, rows on each side of 
the carifia on the obverse surface; zooecia tubular, separated by fine vesicles close to 
the mesial lamina and by dense tissue closer to the surface. 

The zoarlum is fenestrate: in spite of the large size of some of the specimens of 
this species— one Incomplete specimen measured over 9x7 cm. and appears to be only 
a small part of a very large colony — none of the specimens used for this description 
show the form of the complete colony, which de Koninck stated was Infundibullform 
with the zooecial apertures placed on the outer surface of the branches. The zoarlum 
forms a very coarse meshwork; the branches reticulate to form polygonal fenestrules 
of variable size; there are 1*6 to 2, rarely 2-5, fenestrules In 10 mm. longitudinally, 
and 2*6 to 4 fenestrules in the same distance transversely. The fenestrules vary in 
length from 2 0 to 8-3 mm., but are usually more than 4 mm. long; they are from 
1 to 8*5 mm., generally between 2 and 3 mm., wide. The branches are from 0*68 to 
1*5 mm., usually about 1*1 mm., wide. The non-cellullferous reverse surface of the 
branches, along the mid-line of which there is a fine rldge-like carlna marking the 
position of the edges of the mesial lamina, is broad and smooth and only slightly 
convex; the obverse surface, however, is sharply carinate, and on each of Its steeply 
sloping sides there are three, rarely four or five, rows of zooecial apertures. The 
apertures are round, about 0*22 mm. In diameter, and are surrounded by thin peristomes; 
these peristomes are most strongly developed on the row of apertures closest to the 
reverse surface, where they reach a height of up to 016 mm. 

The mesial lamina runs from the centre of the reverse to the centre of the obverse 
surface; bifurcation of the branches takes place in a plane at right angles to that of 
the mesial lamina. The zooecia are tubular and are parallel to the mesial lamina for 
0‘76 to 1*0 mm., after which they bend outwards gradually to meet the surface obliquely. 
The zooecia are separated close to the mesial lamina by fine vesicular tissue, which Is 
particularly strongly developed close to the reverse surface; the vesicles are replaced 
by dense tissue as the surface Is approached, so that the interspaces are smooth and 
solid at the surface. Neither diaphragms nor hemtsepta are developed. 

This species is a smaller form than the genotype. Goniocladia cellulifera 
(Etheridge), from the Carboniferous of Scotland. Goniocladia indica Waagen and 
Plchl, 1885, from the Middle Productus Limestone of the Salt Ra., is of similar size 
to this species, but it differs In having broader branches, which are sharply carinate 
on the reverse and broadly rounded on the obverse surface, and in having very much 
coarser vesicular tissue, which apparently occupied a larger proportion of the inter- 
spaces than the vesicular tissue of G. laxa. G. americana Glrty, 1908, from the Permian 
of Western Texas, has much stronger branches and differs in the appearance of the 
obverse and reverse surfaces. G. grahamensis Moore, 1929, from the Pennsylvanian of 
Texas, Is a smaller species. 

Goniocladia parva, n. sp. PI. v, fig. 2; Text-fig. 39. 

jffolotype: 8 on 7416, Sydney Xlnlv. Colin. 

Moriston and locality; Marine intercalation near the base of the Lower Kuttung 
Series, Rouchel Brook. 

Fine Goniocladia; fenestrules smalls polygonal; branches thin, carinate on both 
Oh^se and reverse surfaces, the obverse surface being angular and the reverse 
taunded; pooecUi in two rows on eoeft side of the carina of the obverse surface; zooecia 
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tttftuiar, separated hy fine Resides near the mesial lamina, interapertural spaces solid at 
the surface. 

The zoarlum is fenestrhte, with comparatively fine meshes; the branches are 0*6 
to 0'7 mm., hut usually about 0*66 mm., In width, and they are irregrularly reticulated 
to form polygonal fenestrules of comparatively small size for the genus — 2-7 to 31 mm. 
long X 1-0 to 1*6 mm. wide. There are about 8 fenestrules longitudinally and 4 to 6 
horizontally In 10 mm. Each of the specimens of this species was broken through 
more or less completely at about the level of the centre of the branches, and although 
they showed the Internal structure clearly, the external structure was not very well 
shown, and the fine tuffaceous mudstone matrix adheres so firmly to the surface that 
it was not possible to break the matrix away to show the external structure more 
clearly. The branches were sharply convex on the obverse and rather rounded on the 
reverse surface, both surfaces being carinate. Two rows of zooeclal apertures occur 
on each side of the carina on the obverse surface; of these, the lower row is rather 
strongly exserted: several of the apertures are indented by lunaria, which occupy 
one-third of the circumference on the lower side of the aperture — these are particularly 
well developed in the lower row of zooecia. The apertures are about 0*14 mm. In 
diameter; the distance between the centres of successive apertures Is 0*40 to 0*7, 
generally less than 0*6 mm., and there is an average of 19 apertures In 10 mm. The 
surface between the apertures and on the reverse surface is smooth. 

Internally, the fine mesial lamina runs from the centre of the reverse to the 
centre of the obverse surface; the zooecial tubes run parallel to the mesial lamina for 
about two-thirds of their length, and then bend outwards rather gradually to the 
surface: the total length of each tube is about 0*63 to 0*7 mm. Close to the mesial 
lamina the tubes are separated by vesicular tissue, this being particularly strongly 
developed close to the reverse surface; as the surface is approached, this vesicular 
tissue is replaced by dense tissue. Neither diaphragms nor hemisepta are developed. 

This species Is a much finer form than Ooniocladia laxa de Konlnck, which occurs 
on a lower stratigraphical horizon. It is also a finer form than any species of this 
genus so far described from the Russian Carboniferous. Ooniocladia grahamensis 
Moore, 1929, from the Pennsylvanian Upper Graham formation of Texas, has fenestrules 
of similar size (about 2*8 x 1*6 mm.); the branches of this species are comparatively 
broader, with zooecia typically in 3 (they range from 2 to 4) rows on each side of the 
Carina; the zooecial apertures are spaced 0*3 to 0*72 mm. apart, averaging approxi- 
mately 22 in 10 mm., according to measurements taken on Moore's figures of this 
species: the apertures are without lunaria, and his figures also show longer zooecia, 
the most complete zooecia shown In his figured thin sections being up to 0*7 mm. in 
length along the mesial lamina, while those in O. parva are only up to 0*7 mm. in 
their total length. The differences between these two forms, and particularly in the 
number of rows of zooecia and size of the zooecia, indicate that they should be referred 
to different species. 


Genus Ramipoba Toula, 1875. 

Sub-genus Ramipobalia Shulga-Nesterenko, 1933. 

Hamiporalia Shulga-Nesterenko, 1933, 42, 69. 

Ge^iotype: JZamipora (Hamiporalia) diahotoma Shulga-Nesterenko, 1933. 

Range: Carboniferous. 

Ramipoba ( Ramipobai.ia ) bifubcata, n. sp. PI. v, fig. 1. Text-figs. 87, 38. 

Holotype: 6429, Sydney Univ. Colin. 

Horizon and locality: Lower Burlndl Series, Glen William. 

Ramlporalia with regularly bifurcating bifoliate branches; branches carinate on 
both obverse and reverse surfaces, the obverse surface being angular ond the reverse 
rounded; zooecial apertures in S, less often 2, rows on each side of carina of obverse 
surface; zooecia separated by fine vesicular tissue close to the mesial lamina, inter- 
apertural spaces solid at the surface. 
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Boarittm it ooiiimw64 nmrrow MfoUatt bnukehtBr 9^60 to 0^83 mm. in wIMh 
tna About 0*8 mm. in thicknm AUmg tho nmlAl IaiuIaa; thett brAbehat bHurmite In 
A plAUA At rii^t auflto to tbo mttiAl ItmiftA at freguAnt and rtfular intorvait, uttoally 
botwemi 3*7 and 3*5 mm. Tiitrt it no ttgA of any aaattomotls o£ branebat of tbo 
c<^ay. Tbt matlal lamina, which runt from the oentre of th« obverse to the centre 
of the reverse surface, projects sharply above each surface to form a sharp rldae-IUce 
Carina. Three, sometimes two, rows of sooeclal apertures occur on each aide of the 
Carina of the obverse surface, which Is more sharply convex than the reverse; the 
apertures are rounded to aUghtly oval, 0*17 to 0*22 mm. in diameter, the largest 
apertures occurring in the row of sooecia closest to the reverse surface; each aperture 
is surrounded by a thin, relatively high peristome. In 10 mm. there are about 13 
apertures In each row, the distance between the centres of successive apertures being 
between 0*44 and 0*62 mm. The reverse surface is broadly rounded and is non-celluU- 
ferous; it appears to have been very coarsely granular. Internally, the sooecia lie 
parallel to the mesial lamina for about 0*7 mm., then they bend outwards to the 
surface. Close to the mesial lamina the sooecla are separated by numerous small 
vesicles, which are especially strongly developed close to the reverse surface; these 
vesicles are replaced by dense tissue as the surface is approached. 

The mode of growth of this species and the greater number of rows ot aperturea 
distinguish it from Qoniocladia parva, n. sp., which occurs In the overlying Lower 
Kuttung Series. An undescribed phyUoporlnld occurs associated with this species, but 
Is distinguished by the fact that its branches, although regularly bifurcating, are 
unllaminar and not bifoliate, and that they are without carlnae on either the obverse 
or reverse surfaces; the material of this phylloporinid is too poor for detailed 
description. From Ramipora {Ramiporaiia) dichotoma Shulga-Nesterenko, 1233, which 
has a similar growth form, this Burlndi species is readily distinguished by Its different 
measurements. 

Materia] from this and other localities in the Lower Carboniferous of New South 
Wales very freouently contains fragmentary specimens of species of Ramipora, too 
poorly preserved for detailed description. 

Order TaEPOSi>oicaTa Ulrich. 

’ Family BsTosTOKSUjnss Ulrich. 

Genus BaimTOMALLA Ulrich, 1382. 

Batostomelta {pars), Ulrich, 1882, 141, 154; BatostomeUa (pars), Ulrich, Ulrich, 
18901, 375, 432^ BatOBtomelia Ulrich, Basaler, 1929, 66. 

**Zoarium rcuaose, bronohes slender; eooeeia toith few diaphragms; apertures of 
zooecia small, circular or oval; interspaces rounded or canaliculate, spinulose, the 
acanthoporea small md usuaUp very numerous; mesopores small, with sulH^rcular 
openings:' (Nlckles and Bassler, 1900, 82.) 

Genotype: Batostometla gradlis (Nicholson), 1874. 

Range: Ordovician (?) to Permian, 

The validity of this generic name is doubtful. In his original description of this 
genus, Ulrich included four species and one variety (listed by him under the names of 
Ohaetstes granuliferus Ulrich, U. svocilif James, Trematopora annulifera Whitfield, and 
if. (Calamopora) tumida PhllliiHi, and var. miHaria Nicholson) and also stated that 
three undsacrlbed speelea, of which he knew, should be referred here. Of the described 
species, the first three were from the Ordovician and the others from the Carboniferous; 
Ukich did not name any one of these species as genotype in his original description 
(li82, 194) or discussion (1882, 141) of this genus. In 1890 Ulrich again published a 
diaghosis of this genus; in this he states tliat the **types*’ are **B. spinutosa n. sp. and 
Bi graeiUs Nieholson'^ B, graeiUs Nldholson Is Chaeteies gradlis James ot Ulrich's 
OM^Uer list of species belongiug to this wonm, the name having been first used by 
Jfmes in muniisev^t and later puMishsi by Mliduylson. LatOr authors have almoM 
hhlyersidly 6^ as the genotype of Hototfomeiza, but since 

one the speeles oHghmlly releryed te the genus by Ulrich (unfortunately 
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Ulrich does not state in his description in 1890 whether spinulo$a was one of the 
''undescribed species'" he earlier referred to Batostom^lla or not) this course is 
inadmlBSlble. The genotype is therefore Chaetetes gradlit Nioholson, which has long 
been removed from Batostont^Ha and placed in Bpthopora Miller and Dyer, 1878; if this 
classification of Chaetetes gracilis be correct (1 have not access to any description of 
the genotype of iij/i/topora for comparison), Batostornella must be considered a synonym 
of Bythopora^ 

According to Bassler (1934, 54) two other generic names are available to replace 
Batoatomeila; these are Q^einitzella Waagen and Wentxel, 1886, and BatostomelHna 
Vinassa de Regny, 1920. 

The status of Oeinitzella Is extremely Involved; Waagen and Wentzel referred two 
species to the genus, as Oeinitzella columnaris (Schlotheim) and G. cra^aa (Lonsdale); 
in their lengthy synonymy of O. columnaris they included as synonyms a large number 
of earlier described species, and in their description they recognize four varieties of 
this species; of these, Lee (1912, 162) has selected the variety they figured as 
Oeinitzella columnaris var. incruatana (Gelnitz) as genotype. While most of the 
figures of Oeinitzella given by Waagen and Wentzel have been regarded as showing 
that his genus is a synonym of Baioatomellat this does not apply, as Bassler (1929) 
has already pointed out, to G, columnaris var. incrasian^f; this particular variety, of 
which only two longitudinal sections are figured, should apparently be referred either 
to Dyscritella or Btenopora — no diaphragms are shown in any of the tubes cut In the 
figured sections, and in places the walls are irregularly thickened so as to suggest 
slight beading, so that this species is probably a Stenopora. Hence, since Lee's 
designation of Oeinitzella columnaris var, incruatana as genotype must be accepted, 
the generic name Oeinitzella is not available to replace Batostornella, 

The second synonym of Batostornella listed by Bassler is BatostomelHna Vinassa 
de Hegny, 1920. The genotype of this genus is Trematopora granuH/era Hall, 1852, 
from the Rochester Shale of New York; this species has been revised by Bassler (1906, 
28). The original diagnosis of this genus by Vinassa de Regny is **Batostomella 
tabulis nullis"; the type species certainly is without tabulae, and therefore substitution 
of the name BatostomelHna for Batost07nella is not possible; BatostomelHna may be a 
synonym of Byscritella, but this is not certain, since revision of many batostomellids 
has revealed significant differences in wall structures, etc., between earlier and later 
Falaeozoic forms (Duncan, 1936). 

A new name is therefore necessary for this genus of bryozoans, and 'consequently 
also for the family Batostomellidae, unless application is made for suspension of the 
Rules of Nomenclature. This procedure is best left until it can be based upon a 
comprehensive revision of the genera whose status is involved In this question. 

"BAT0BT0MEt4LA'’ LINEATA, U. 8p. TeXt-flg. 29. 

Bolotype: F.42112D, Australian Museum Colin, 

Horizon and locality: Burlndl Series, near Barrington House, Williams River, 
Barrington Tops. 

Fine ‘'Batostornella"; acanthopores small, numerous/ meaoporea developed at the 
angles oj the apertures/ zooecial apertures oval and comparatively large. 

The zoarlum Is ramose; the branches are cylindrical, 1*18 to 1-36 mm. In width; 
no maculae appear to have been developed. The apertures are oval to almost round, 
from 0*19 to 0‘24 mm. x 0*13 to 019 mm. in diameter; they are arranged In irregular 
diagonal rows. In 1 mm. longitudinally there are about 3 zooecial apertures; the 
Interspaces between the apertures are rounded and bear numerous tiny, blunt, spine-tike 
acanthopores, which are usually almost worn off so that only their bases remain, but 
which when they are well preserved may project up to 0*08 mm. above the surface of 
the zoarium; these acanthopores appear to have all been of the same size. Small 
rounded to oval mesopores, up to about 0*1 mm. In diameter, occur usually at each 
angle of the apertures, so that about five occur around each aperture. The interiHWoes 
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between the gtooecin are from 0*06 to 0*1 mm. wide iranevereely and up to 0*22 mm. 
thick longitudinaily. 

The cortical zone occupies about one*hfth to one-quarter at the radius of the 
zoarium^ its width being 0-24 to 0*32 mm. The zooecla are tubular, and bend from 
the axial zone (where they are very thin walled) to the cortical zone at an angle of 
about 60*’; the walls are abruptly thickened in the cortical zone, giving the broad 
solid Interspaces shown at the surface. A single thin complete diaphragm occurs In 
some tubas Just within the bend in the zooecial tubes. 

This species is a typical member of the group of forms congeneric with B. Hpinulo$a 
(Ulrich). 


Order Cbyptostomata Vine. 

Family Fknestreixiniuae Bassler. 

Qenus Penestueluna d’Orbigny, 1849. 

Fencatrellina d’Orbigny, 1849, 601; Fenesirellina d’Orblgny, Bassler, 1936, 111. 
Homonym: Fcnestello Lonsdale, 1839. 

Penesthellina PBOPiNQiTA (de Koninck), 1877 . PI. vi, fig. 4 ; Text-fig. 60 . 

FcncjjtcUtt propingitu de Koninck, 1877, 174, PI. vlll, fig. 3 (1898, 133. PI. viil, fig. 3); 
Fenestclla propinqua de Koninck, Benson, 1921, 27; [non] F. ampla ? Dana (a Permian 
form referred to this species by de Koninck). 

'NeotypeA 2403, Sydney UnW. Colin, (de Konlnck's type specimens formed part 
of the collections made by Rev. W. B. Clarke; on being returned to Australia, these 
specimens were exhibited in the Garden Palace, which was burnt in 1882.) 

Horizon and locality: Lower Burlndi Series, Glen William (original locality of 
de Koninck's specimens and locality of neotype chosen here); Lower Burindi Series, 
Hilldale (specimens 7401, 7406, 7412, Sydney Univ. Colin.); marine intercalation near 
base of Lower Kuttung Series, Back Creek (specimen 7426, Sydney Univ. Colin,); 
Burlndi Series, Barrington House, Williams R., Barrington Tops iFA2ll^F, Australian 
Museum Colin.). 

Coarse Fenestrelllna; branches thin, fenestrules large and irregularly rectangxilar ; 
zooecia in two rows, with usually (i to 7 zooecia to a fenestrule; slight carina until a 
single row of very small nodes. 

The zoarlum is fenestrate; de Koninck states that the colony was funnel-shaped 
and implies that the inner surface was cellullferous. There are 10 to 11 branches and 
4 to 6 fenestrules in 10 mm. The branches are thin, 0-21 to 0-35 mm. wide, and are 
fairly straight; in some parts of a specimen they may branch within 2 or 3 fenestrules^ 
but at times the bifurcations may become very distant. There are two rows of small 
round zooecial apertures, 008 mm, in diameter, and surrounded by thin, distinct 
peristomes; increase to three rows of apertures occurs only immediately before 
bifurcation; the two rows of apertures are separated by a very faint carina, which 
bears a single row of very small nodes; the spacing of these nodes Is unfortunately 
not well shown# but appears to have been about 0*42 mm. apart. There are usually 
6 or 7 apertures to a fenestrule, the number ranging from 6i to 10, with occasionally 
abnormally short or long fenestrules with fewer or more zooecia; the distance between 
the centres of successive apertures is between 0*27 and 0*36 mm., and there are about 
32 apertures in 10 mm. The fenestrules are irregularly rectangular in outline; they 
are generally from 1*5 to 2*7 mm. long, but a few fenestrules may be abnormally short 
or long. The dissepiments are 0*06 to 0*4 mm. wide. The dissepiments are depressed 
below the level of the branches on the obverse surface, and on this surface they bear 
a strong carina; on the reverse they are of about the same thickness as the branches, 
and both are smooth and evenly rounded. The Z(k>ecia are ovoid in shape. 

The neotype and other specimens used in this description compare closely with 
de Konlnck’s original description and figures of specimens from Qlen William; this 
form has a very characteristic appearance (PI. vi, fig. 4), and is a common and easily 
Identified fom in the Burindi of New South Wales. De Koninck considered this form 
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*^Fme8teUa amplu V*; Dana's species is quite unrecognisable from his Ugotas and bHeC 
dkeacription* and It is unlibel^ tbat the species he figured was F. pmpim/Qm* F* prapinqua 
has also been recorded without descriptions or figures by a nuinber of more recent 
workers from loeaUties in the Upper Marine Series of the Hunter EiTer district and the 
Macleay Series of the Macleay River district of New South Wales and also from Um 
Woaa Series of the North-Weat Basin in Western Australia (see Eaggatt and Fletcher, 
1987, 172): It is most improbable that any of these records refer to the occurrence of 
de Koninck's species. 

In one' or two of the specimens used for this description there is a tendency for 
one of the branches to bifurcate more rapidly than the others and so to give a slightly 
pinnate appearance to part of the zoarium; this pinnate appearance slightly developed 
is common in several of the Burindl fenestellids, and one species of this type was 
recorded as *FenesteUa gracilis ? J. D. Dana*' by de Koninck from Burragood, a 
Burindl locality on the Paterson River; it is not possible to recognize this species 
from de Koninck's description (the specimens are not figured). F. gracilis Dana, 1849, 
is from a Permian locality, and is also unrecognizable. Ptilopora and Pennircfepora 
occur quite commonly in the Lower Burindl and Lower Kuttung Series, and It Is 
therefore Interesting to find this slight tendency towards pinnate growth in some of 
the associated fenestellids. 

FaNfiiSTKEiixmA AOAuiNATA, n. sp. PI. vl, fig. 8; Text^fig. 45* 

Molotgpe: 7402, Sydney Unlv. Colin. 

Horizon and locality: Lower Burindl Series, Hllldale (holotype) ; Lower Burindl 
Series, Glen William (specimen 648d, Sydney Univ. Colin.). 

Fine Fenestrellina; branches straight to slightly sinuous, carina and nodes absent; . 
zooecial aperture* strongly exserted, in two rows, $ to 4 zooecia to a /enestrale. 

The zoarium Is infundibuliform, the internal surface being celluliferous; in 10 mm. 
there are 10 to 11, rarely 13, fenestrules, and 19 to 24 branches. The branches are 
straight, 0'21 to 0*32 mm. wide; the zooeclal apertures are in two rows, and no carina 
is shown, the centre of the branches on the obverse surface being slightly depressed 
and ornamented by a few faint discontinuous longitudinal striae; no nodes are 
developed. The apertures are small and round, 0*08 mm. in diameter, and they are 
very strongly exserted, being almost stalked In appearance; there are 3 to 4 apertures 
to a fenestrule, and about 40 in 10 mm., the distance between the centres of successive 
apertures being 0*22 to 0*82 mm. The fenestrules are oval, 0*55 to 0*87 mm. (generally 
between 0*68 and 0*82 mm.) long and 0*2 to 0*4 mm. wide; the width of the dissepiments 
is 0*1 to 0*21 mm., and the length of one fenestrule and one dissepiment 0*71 to 1*0 mm. 
The zooeclal cells are ovoid in outline; where the specimens have been slightly 
weathered tbeir shape is well shown in casts, and marked Inferior hemlaepta are 
developed in the zooecia; on the surface of the branches, and placed adjacent to the 
apertures, swollen surface cells the same as those occurring in some of the Permian 
Fenestellldae in New South Wales are occasionally developed. On the .obverse surlace 
the dissepiments are rounded and are placed at the same level as the branches, but 
they are depressed below the level of the branches on the reverse surface; the backs 
of the cells are covered on the reverse surface by only a very thin layer of calcium 
carbonate, showing longitudinal striae close to the backs of the cells and being fine^ 
granular at the surface. 

This fine species is somewhat similar in size to the associated Memitrypa clarkei, 
n. sp., but an examination of the details of their appearance readily serves to distinguish 
these two species from each other. 

FgnasTEBLLXNA oftiBaxroaExs, n. sp. Tskbfig. 48* 

Holotype: 7416A, Sydney Unlv. Colin. 

Horizon and locality: Marine intercalation near Che base of the Lower Kuttung 
SarlSA Eonchsl Brook. 

Feasestreltina with vary Mn bfoadhee; $ to 5 tomm to a ^meetfule. 
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Thm are 8 to 11 fenABtrulos aul 18 to 21 branches ta fO mm. The hranohee aire 
very thin, 01 9 to 0*3 mm. wide, and are etrafght, branohing at only very dtatant 
intervals; they hear two rows of small sooeclai apertures, placed on either side of a 
slight median carlna; on this carina small nodes are developed at distant intervals, 
but these are readily worn away and unfortunately are not well shown in any of the 
specimens examined. The apertures, which are strongly exserted, are round and 
0*02 mm. in diameter; there are 3 to 5 apertures to a fenestrule and about 36 in 10 tnm., 
the distance between the centres of successive apertures being 0*22 to 0*84 mm.; 
Increase to three rows of zooecia occurs only Immediately before bifurcation. The 
fenestrules are rectangular In outline, 0*71 to 1*28 mm. long and about 0*2 to 0*55 mm. 
wide; the dissepiments are 0*06 to 013 mm. wide and are very much thinner than the 
branches. The zooecla are ovoid to rhomboidal in shape. The reverse surface of the 
branches is smooth and evenly rounded. 

This species is a larger form and is distinguished by the spacing of its sooeclal 
apertures and by the appearance of the obverse surface from Hemitrypa clarhei and 
Ftneatrellina acarinata, which occur on a lower stratigraphical horizon. 

FKBxsraELUBA BOttoBiixi, n. Bp. Text-fig. 49. 

Solotf/pe: 7414 and 7415B (reverse), Sydney tJnlv. CoUn. 

Horizon an^ locality: Marine intercalation near the base of the Lower Knttung 
Series, Rouchel Brook. 

Fenestrelllna nnth 4 to 7 zooecia to a fenestrule; carina slight^ nodes not developed. 

The zoarium is fenestrate; In 10 min. there are 13 to 17 branches and 5 to 7 
fenestrules. The branches are comparatively broad, 0*24 to 0*36 mm. In width, and 
they bear two rows of zooeclal apertures, placed on either side of a very slight carina; 
no nodes appear to be developed. Bifurcation of the branches occurs at infrequent 
intervals, and Increase to three rows of zooecia occurs only immediately before 
bifurcation. The apertures are round, 0*09 mm, in diameter, and they are not very 
strongly exserted; there are 4 to 7 apertures to a fenestrule, and 83 in 10 mm., the 
distance between the centres of successive apertures being 0*24 to 0*38 mm. The 
fenestrules are oval to almost rectangular in outline, and are from 1*0 to 2*26 mm. 
long and 0*2 to 0*6 mm. wide; the width of the dissepiments is 0*11 to 0*32 mm., and 
the total length of one feneqtrule and one dissepiment is 1*1 to 2*37 mm. The reverse 
surface of both branches and dissepiments is smooth and evenly rounded, the branches 
being considerably thicker than the dissepiments. 

The finer zoarium, with a smaller number of zooecia to a fenestrule, and the 
relatively thicker branches, distinguish this species from F, propinqua (de Koninck). 

Fenkstbellina barrihgtonensis, n. sp. Text-figs. 42, 43. 

Bolotype: F.42112G, Australian Museum Colin. 

jffori^on and locality: Burlndl Series, near Barrington House, Williams River, 
Barrington Tops. 

Very fine Fenestrelllna; two zooecia to a fenestrule; slight carina with smalh 
sharp, closely-spaced nodes. 

The zoarium is fenestrate and is very fine meshed, there being about 22 fenestrules 
and 80 to 32 branches in 10 mm. The branches are straight and are very thin, 0*15 
to 0*19 mm. in width; they bifurcate comparatively frequently, often within four or 
live fenestrules. There are two rows of zooeclal apertures. Increasing to three only 
immediately before bifurcation; a slight rldge-like median carina is developed, and 
this bears a single row of small sharp nodes, spaced 0*16 to 0*25 mm. apart, with 
about 50 in 10 mm. The zooeclal apertures are extremely small, being only about 
0*05 um. In diameter; they are surrounded by slight but dhitinct peristomes. There 
are two apertures to a fenestrule, these being m plaeed that one occurs at the end of 
each dissepiment and the other at the centre of each fenestrule; the distance between 
the oontres of sttceesstve apertures is 0*19 to 0*24 mm., md there are about 46 apertures 
in 10 mm. The fenestrules are oval, 0*28 to 0*48 mm. long said 0*12 to 0*19 mm. wide; 
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tlie width of the diSBeplmenta i« from 0 03 to 0*08 mm., and the total length of one 
fenestrule and one diBsepiment is from 0-42 to 0*52 mm. 

FeNBHWHXINA CELLUL08A, n. Bp. TCXt-flg, 44. 

Bolotppe: F.42113H, Australian Museum Colin. 

Horizon and locality: Burlndi Series, Barrington House, Williams River, Barrington 
Tops. 

Fine Fenestrelllna, with three to four ;sooccia to a feneatrule; carina slight^ nodes 
small, sharp, and closely spaced; cells rhomhoidal in shape. 

The zoarium is fenestrate; in 10 rnm. there are about 24 to 30 branches and 13 to 14 
fenestrules. The branches are thin and straight, bifurcating only at distant intervals; 
they are about 0-2 mm. in width, and bear two rows of zooecial apertures, separated 
by a slight, low but distinct carina, on which there Is a single row of small, sharp 
nodes; these nodes are spaced 0-19 to 0*24 mm. apart, there being about 47 nodes 
in 10 mm. The zooecial apertures are rounded, about 0*12 mm. in diameter, and they 
are surrounded by thin distinct peristomes; there are three to four apertures la the 
length of one fenestrule and one dissepiment, and about 44 in 10 mni., the distance 
between the centres of successive apertures being 0-2 to 0*24 mm. The fenestrules are 
oval to rectangular in outline, and are usually between 0-61 and 0*71 mm. long and 
0*15 to 0-22 mm. wide; the dissepiments are 0*06 to 012 mm. wide. On the reverse 
surface both branches and dissepiments are smooth and are evenly rounded, the dissepi- 
ments being depressed below the level of the branches. The cells are rhomboidal in 
outline on the basal plate. 

This species Is of especial interest because of the shape of Its cells, which are 
similar in outline to the cell shape found in the great majority of Permian species In 
New South Wales. 


Qenus Hemitrypa Phillips, 1841. 

Hemitrypa Phillips, 1841, 27; Hemitrypa Phillips. Ulrich, 1890, 396, 569; Nikiforova, 
1933, 30, 65. 

'^Zoaria funnel-shaped or undulating foliar expansions; branches rigid. Zooccia in 
two ranges, their apertures separated by a moderately developed keel. The latter is 
elevated at regular intervals into small pillars, which, when the superstructure they 
support i.< worn away, oppear as spine-like prominences. - The superstructure consists 
of straight or zig-zag longitudinal bars, of which one is placed over each branch upon 
the row of pillars and another, usually somewhat thinner, suspended midway between 
the branches. These bars are then connected by transverse processes, so as to leave 
regular^ small, generally hexagonal openings, corresponding in number and position 
urith the zooecial apertures beneath ihem.'^ (Ulrich, 1890, 396.) 

Genotype: Hemitrypa oculata Phillips, 1841. 

liange: Devonian to Carboniferous, ? Permian. 

The only previous record of the occurrence of this distinctive genus in Australia 
was made by Lonsdale, who In 1844 described, and in 1845 figured, one species, 
Hemitrypa sexangula Lonsdale, 1844, from the Permian of southern Tasmania; no 
later description or fresh record of the occurrence of this species has since been made, 
and Lonsdale’s specimens, which formed part of Darwin's collection of fossils from 
Australia, have long been lost. A second species of this interesting genus occurs in 
Devonian strata in a railway cutting near Lake Bathurst, New South Wales (specimens 
F. 30170, 30176, Australian Museum Colin.). 

Hkmjthyfa olabkbu, n. sp. PL vi, figs. 1, 2. Text-fig. 46, 

Holotype: 6430, Sydney Unlv. Colin. 

Horizon and locality: Lower Burlndi Series, Glen William (holotype); Lower 
Burindi Series. Hllldale (specimens 7405, 7410, Sydney Unlv. Colin.). 

Hemitrypa nnth fenestrate part fine meshed; 2*5 zooeda to a fenestrule; carina 
sharp, with nodes which support the superstructure developed at freguent intervals; 
superstructure a thin regular hemtgonal meshwork* 
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The shape of the colony la not shown in any of the specimens examined, although 
some of them are expansions of considerable size; the fenestrate mesh is fine and 
very regular, there being 20 to 24 branches, and 14 to 17, but generally 16 or 16, 
fenestrules in 10 mm. The branches are straight, 0-24 to 0*8 mm. wide; they bear two 
rows of sooecial apertures, separated by a slight median carlna, which Is produced at 
Intervals of 0-29 to 0*56 mm., but usually about 0*88 to 0*46 mm., into sharp, high nodes; 
there are about 24 of these nodes in 10 mm.; they slant slightly forwards, and they 
serve to support the superstructure. The zooecial apertures are rounded and com- 
paratively rather large, being about 0-1 mm. In diameter, and they are surrounded by 
slight peristomes. There are 2-6 apertures to a fenestrule and 40 in 10 mm„ the 
distance between the centres of successive apertures being 0*21 to 0*3 mm. The 
fenestrules typically appear rectangular In outline, although from the reverse surface, 
when the fenestrules are infilled with sediment, they may appear rounded; the length 
of one fenestrule and one dissepiment is 0-52 to 0*75 mm.; the length of the fenestrules 
is 0-32 to 0*59 mm., and the width of the dissepiments 0*1 to 0-24 mm., these last two 
measurements, as usual, varying in' a complementary fashion with the level at which 
measurement is made; the dissepiments are wider and the fenestrules therefore shorter 
about the middle of the branch. On the obverse surface the dissepiments are depressed 
slightly below the level of the branches. On the reverse surface the branches and 
dissepiments are of about the same thickness, and both are evenly rounded and coarsely 
granular. The thickness of the branches is about 0*36 to 0*4 mm. The superstructure 
is raised 0*19 to 0*32 mm. above the surface of the branches; it consists of a regular 
hexagonal mesh, the spaces in which are about 0*22 mm. In diameter, and the solid 
bars or scalae about 0*02 mm. thick. Transversely the number of longitudinal bars Is 
double the number of branches in the same distance, and the bars placed above the 
branches (principal bars) are very slightly, but distinctly, thicker than those placed 
between them (secondary bars). Longitudinally the spaces in the hexagonal meshwork 
correspond in number and position to the apertures beneath. 

Of described species of Hemitrypa, H, proutana Ulrich, 1890, from the Keokuk and 
Warsaw Beds of the Mlssissippian, is a similar species, but differs in its less regularly 
hexagonal mesh and in its slightly smaller size — there are 26 branches and 18 to 19 
fenestrules, and 46 to 48 zooecla, in 10 mm. in Ulrich's species. B. plumom (Prout), 
1858, has 18 to 15 fenestrules in 10 mm., but has more closely spaced nodes and zooecla 
than B. clarkei. In Russia, Bemitrypa has so far been described only from the Lower 
Carboniferous. 


Family Aoanthoclapiidae Zittel. 

Genus Ptiujpoba M’Coy, 1845. 

Ptilopora M'Coy, 1846, 200; Ptilopora M'Coy. Ulrich, 1890, 398. 621. 

'*Zoaria pinnate, the median branch stronger, particularly on the reverse, than the 
ohUguc lateral branches. The latter arc united to each other at frequent intervals by 
non-poriferous dissepiments. Zooecia in two ranges.** (Ulrich, 1890, 898.) 

Genotype: Ptilopora pluma M’Coy, 1845. 

Hange: Pevonlan to Permian. 

PmopOBA KONiNCKi, n. 8p. PI. vi, fig. 5; Text“^g. 51, 

Bolotype: 6441, Sydney Univ. Colin. 

Borizon and locality: Lower Burindi Series, Glen William (holotype); marine 
Intercalation near base of Lower Kuttung Series, Rouchel Brook (7417, Sydney Univ. 
Colin.). 

Ptilopora with S to 5 zooecia to a fenestrule; carina slight, nodes small, sharp, 
Sipaoed about the same distance apart as the zooedal apertures; zooecia triangular in 
outline, with strongljpdeveloped inferior hemiaepta. 

The soarium is pinnate; the largest colony observed (from Rouchel Brook) is 
about 8*5 X 2*5 cm. The midrib is slightly, but distinctly, thicker than the lateral 
branches, being up to 0*4 mm. wide; the lateral branches are 0*16 to 0*82 mm. wide, 
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and they alternate irregularly; they are given off at an aogle which varies greatly 
even in the same specimen, usually between 26^’ uiid 56*^; a lew ct the lateral branches 
themselves become pinnate. There are about 9 lateral branches given off on each side 
of the midrib in 10 mm.; the distance between the points of origin of successive lateral 
branches is rather variable, being between 0*2 and 2*3 mm. The lateral branches are 
connected at intervals by non-poriferous dissepiments, the length of the fenestrules so 
formed being usually between 0*93 and 1*36 mm., although very short fenestrules about 
0*3 mm. long are occasionally developed; the width of the dissepiments is 0*07 to 
0*28 mm. Both midrib and lateral branches bear two rows of sooecial apertures, 
separated by a slight carina; a single row of small, sharp nodes, their spacing about 
the same as that of the zooeclal apertures, occur on this carina. There are usually 
8 to 4, sometimes 5, zooecla to a fenestrule, but up to 7 occur along the longer side of 
the fenestrule adjoining the midrib. The sooecial apertures are circular, 0*08 to 0*11 mm. 
in dlampter, and they often project rather strongly into the fenestrules; there are 29 
apertures In 10 mm., the distance between the centres of successive apertures being 
0*31 to 0*38 mm. The zooecia themselves are triangular in outline, with strongly 
developed inferior hemlsepta, which are prominent where the reverse of the zoarlum 
has been weathered or broken away and the backs of the zooecia revealed. The reverse 
surface of the branches is rounded and finely granular. 

t>e Kontnck (1877, 169, 170; 1898, 130) described JJendrioopora hardpi as a new 
genus and specdes of pinnate bryozoau from the Carboniferous at Burragood on the 
Paterson River; his two figures of this species, both natural size, show that it was a 
much coarser form than P. konUtcki, and according to his description, the midribs 
and branches showed three rows of zooecla, and there were 10 to 11 zooecia to a 
fenestrule. Dendricopora has usually been listed as a synonym of Ptilopora, but if 
de Koninck was correct in stating that it possessed three rows of zooecia, It is distinct. 
Prantl (1934, 1985, according to Zoological Record, 1936) has recorded species of 
Dendricopora from the Carboniferous of Bohemia. 

Fragments of pinnate zoaria are common in the Lower Carboniferous of the 
northern Hunter River district, and especially at Rouchel Brook; the majority of these 
appear to be broken pieces of Pfilopora, and at least one species besides P. konincki 
occurs at Rouchel Brook; this species U known from a number of specimens which 
are poorly preserved, but which show that the zooecla were long, narrow and oval, 
almost rectangular, in outline, lying in two parallel rows along each branch, and 
quite different in shape to the triangular zooecla of P. konincki, 

P. konincki is abundant at Rouchel Brook and leas common at Olen William, but 
a specimen from the latter locality was selected as the type as It Is much the best 
preserved siiecimen examined; In all the material from Rouchel Brook recrystallizatlon 
of the calcium carbonate of the zoarlum has partially obscured the structure. 

Genus PKWNmxxKPOttA d'Orblgny, 1849. 

Penniretepora d’Orbigny, 1849, 601; Penniretepora d’Orbigny, Bassler. 1986, 20, 166; 
Crockford, 1942, 110; synonyms: Pinnatopora Vine, 1884; Olauconome Auot. (not 
Ck)ldfu8s, 1826). 

Text-fig. 4&.-^Pene«trelI<na aoarinata, i\, sp. Part of the obverse surface of the holotype, 
X 10. 

Text-flg, 46,'-— Bemftrypa olarfcef, n. sp. Part of the holotype, weather<jd from the reverse 
surface to show the backs of the eella. a oast of the obverse surface, and the hexagonal 
meshwork which overUes the obverse surface, x lo. 

Text-flg. 47 . — Penniretepora osbornei, n. sp. Cost of part of the obverse surface of the 
holotype, X 10. 

Text-flg. 48. — PenesfrelHtm cribriformie, n. sp. Weathered surface of part of the holotype, 
X 10. 

Text-'flg. 49. — PsttssfreUinu rouokeli, n. sp. Weathered surface of port of the holotype, x 19. 

Text-fig. 60. — i>^nsstrelliaa propMouo (de Koninck), Part of the neotype, weathered from 
the reverse surface to show the backs of the cells and a cast of the obverse surface, x 10. 

Text-fig. 61,— PWoporo fcowfHoJbf, n. sp. Part of the holotype, weathered from the reverse 
MurCaee to show the backs of the cells and a east of the obverse surface, x 10. 
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Frnnibkticpora osBORKEi, n. sp. Tex1>flg. 47. 

Holotype: 6428, Sydney Univ. Colin. 

Horizon and locaUty: Lower Burlndl Series, Olen William. 

Penniretepora toifA two Boo^cia between the origins of successive lateral branches; 
5fronff Carina with sharp, widely spaced nodes. 

The zoarlum is pinnate; the width of the midrib is 0*24 to 0*3 mm., and lateral 
branches, 0*14 to 0 24 mm. in width, are given off almost opposite at angles of 60° to 70°. 
The lateral branches are given off at rather regular intervals, 0*68 to O S, but usually 
about 0*72 mm., and there are about 14 in 10 mm. There are two rows of zooecial 
apertures separated by a strong median carlna on both midrib and lateral branches; 
the Carina bears a single row of small sharp nodes spaced 0*57 to 0*67 mm. apart on 
the midrib and two-thirds of this distance apart on the lateral branches. The apertures 
are oval, 0*15 x 0*1 mm. in diameter, and are surrounded by slight peristomes; they do not 
project so as to give the edges of the branch a serrated appearance. The distance 
between the centres of successive apertures is 0*34 to 0*37 mm., and there are about 
28 apertures in 10 mm., there being two apertures between the points of origin of 
successive lateral branches on each side of the midrib. The reverse surface of the 
zoarlum was rounded and finely granular. 

This form is differentiated by its much more closely spaced lateral branches, by 
the higher carlna and more widely spaced nodes, as well as by the lack of dissepiments, 
from Ptilopora honincki, n. sp., with which It is associated at Glen William. 

Family Rhabdombsontidae Vine. 

Genus Stbeblotkypa Ulrich, 1890. 

Btrebtoirypa Ulrich, 1890, 403, 666; Streblotrypa Ulrich, Baasler, 1929, 66; Crockford, 
1044, 168. 


Strebi.otuypa PABALLEi.A, n. Sp. PI. Iv, fig. 3; Text-figs. 24, 26. 

Holotype: 7400, Sydney Univ. Culln. 

Horizon and locality. Lower Burlndl Series, Hilldale (holotype); Lower Burlndl 
Series, Glen William (6437, Sydney Univ. Colin.); Burindi Series, near Barrington 
House, Williams River, Barrington Tops (P.42112, Australian Museum Colin.); Lower 
Kuttung Series, Rouchel Brook (7416, Sydney Univ. Colin.). 

Ft7i€ Streblotrypa, with about .15 rows of zooecia; eight small meaoporedike pits 
in the area behind each aperture; zooecia short, arising from, an imaginary axis along 
the centre of the branch. 

The zoarium is ramose; the branches are straight and very thin, about 1-0 mm. In 
diameter; lateral branches, which are slightly thinner near their origin, are given off 
at very distant intervals. There are about 15 rows of zooecial apertures; the apertures 
are oval, 0*08 x 0*13 mm. in diameter, and they are arranged In regular longitudinal 
rows, separated by slight longitudinal ridges; and they are also arranged in diagonally 
intersecting series. There are 29 zooecia in each longitudinal row in 10 mm., the 
distance between the centres of successive apertures being 0*28 to 0*40 mm. The area 
behind each aperture, and bounded on each aide by the longitudinal ridges, contains 
about eight tiny mesopore-like pits, arranged generally in three longitudinal rows, 
with three pits in each of the two outer rows and two in the median row. No 
acanthopores are developed. 

The zooecia are short and diverge sharply from an imaginary axis along the 
centre of the branch; there is no central bundle of small tubes developed in this species. 
The cortical zone is about 0 08 mm. thick, and the zooecia, although they bend outwards 
more sharply in this zone, meet the surface obliquely. 

The small dimensions of this form readily distinguish It from any species previously 
described from Australia; amongst the North American Lower Carboniferous forms 
this species most closely resembles 8. nicklesi Ulrich (1890, 667), but it la, however, 
a coarser species than the American form and differs In the number and arrangement 
of its mesopore pits. 
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Ab well as this common species of Stretlotrypa, fine ramose Ehabdomesontidae as 
well aB ramose batoBtomelUds are of fairly frequent occurrence in material collected 
from horlaons on which Bryozoa are common in the Lower Burindl and Lower Kuttung 
of the northern Hunter River district; the specimens are* however, usually poorly 
preserved, so that only this one species belonging to this family is described here. 

Family 8m.ooaKTKPOBiOAE Bassler, 1935 (restricted). 

Cystodictyonidae (pars), Ulrich, 1884, 34; Ulrich, 1890. 386; Sulcoreteporldae (pars), 
Bassler, 1935, 21. 

'"Zoaria consisting of two or three layers of cells grown together hack to bocfc, 
forming thin foliate expansions or triangular branches. Primitive cells semi-cordate 
dr obovate-acuminate in outline, arranged in longitudinal series between vertical double 
plates. Primitive apertures sub-circular, being somewhat truncated on the posterior 
side. As growth proceeds the aperture is drawn out shaft-like, forming a tubular 
vestibule, and the longitudinal plates become obsolete. Superficial aperture with 
peristome and more or less developed lunarium. Interspaces between zooecia and 
vestibules occupied by vesicular tissue, the vesicles more or less completely filled with 
a minutely perforated calcareous deposit near the surface. Margin of zoarium sharp 
or rounded, and like the basal portion, non-celluliferous.'* Ulrich, 1890, 885 (as 
Cystodictyonidae Ulrich). 

Hange: Devonian to Permian. 

Ulrich (1884) originally proposed the family Cystodictyonidae to include the genera 
Cystodictya, Coscinium, Glyptopora, Prismojwra and Evaciinopora, and possibly 
Hhinopora, Taeniopora and Scataripora. 

Bassler in 1936 drew attention to the fact that Oystodictya Ulrich, 1882, is a 
synonym of Sulvoretcpora d'Orbigny, 1849, and therefore i>roposed the new name 
Sulcoreteporldae for the family. 

Bassler referred sixteen genera to this family: Acroge-nia, Ueramella, Coscinium, 
Dichotrypa, Evactinopora, Glyptopora, Goniocladia, Phractopora, Prismopora, PtiloccUa, 
Ramipora, Sealaripora, Semiopora, Sulcoretepora, Taeniopora and Tharnnotrypa. It is 
here considered that revision of this grouping is necessary, and that many of these 
genera should be removed from this family and placed as a sub-family of the 
Pistullporidae. The reasons for this are as follows: 

Sulcoretepora is characterized by a specialized type of cryptostomatous internal 
structure. The name Sulcoretepora was proposed by d’Orbigny with a poor and very 
inaccurate description — ‘‘Cellules plac^es par lignes dans les si lions longitudinaux, et 
d*un soul c6t6 de branches simples depiira^es, strides en long du c6t^. oppose aux 

cellules”; **Flustra parallcla Phillips, Yorkshire, pi. 1, f. 47, 48” was selected as the 

type. Phillips's (1836) description of this species, which was accompanied by two 
small figures, is as follows: “Linear, longitudinally and deeply furrowed: cells in the 

furrows, In quincunx, their apertures oval, prominent; (side furrows without cells). 

It appears to have been a tubular or folded membrane; the number of rows of cells 
differs in different specimens. No sign of bifurcation.” M'Coy (1845, 198), who 
referred to this form as **Vincularia parallela'\ gave a brief description, pointing out 
that zooecial apertures were developed on each side of the zoarium and that the 
margins of the zoarium were smooth and without pores; later, d'Orbigny, In proposing 
the new name Sulcoretepora for this species, failed to realize that the branches were 
bifoliate. The only more recent reference which adds any information as to the 
structure of thiB form has been made by Ulrich (1884, 36), who briefly described 
Bpeclmens from Kentucky which he believed were Identical with Phillips's specimens, 
and which were considered by him to be congeneric with Oystodictya ocellata Ulrich, 
the genotype of Oystodictya Ulrich, 

Oystodictya is characterized by its narrow, ribbon-like bifoliate branches, on the 
surface of which the zooecial apertures are arranged In, usually, regular longitudinal 
and diagonally intersecting eeries; lunaria are commonly developed. Internally the 
sooecla are tubular, at first lying parallel to the mesial lamina and then bending 
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paaslug through the soarium close to the mesial lamina the sooedal tuhes are arraasped 
''in longitudinal series between vertical plates, to mate of which they are laterally 
attached, while the InterveniDg spaces are occupied hy irregularly shaped smaller 
cells" (Ulrich, 1884, 8€). The sooecia in sections cut at this level are sexnl<oordate in 
outline; hemisepta are trsQuently developed; closer to the surface the vesicular tissue 
between the sooecia is gradually replaced by dense tissue, the interspaces appearing 
smooth and solid at the surface, sometimes with faint to prominmit longitudinal ridges 
developed between the rows of apertures. The genotype has been Agured by Ulrich 
(1882, PI. viii, figs. 3, da; 1884, PI. il, figs. 3, 3a); the tangential section which he 
figures pasBCB rather close to the surface and does not show the characteristic arrange- 
ment of the semi-cordate sooecia between longitudinal vertical plates as well as it Is 
shown In the figures of other species of the genus given by Ulrich and in figures given 
by more recent workers (Moore, 1329, PI. 18; McNair, 1937, Pis, x-xill). 

Although this specialised type of tnternal structure has not been flgrured In any 
specimens of Hulcorctepora parallela (Phillips) from the type locality in Yorkshire, 
Ulrich placed specimens which he considered conspeciflc with this form in Opstodictpo, 
and the external appearance of the specimens figured by Phillips, with the sooecia 
situated In furrows between prominent longitudinal ridges, perhaps also reflects the 
presence of vertical plates between the rows of sooecia internally, such ridges being 
also developed strongly in other species, such as Sulooretepora &i;idipZicata McNair and 
B, ohligua McNair. 

A similar type of Internal structure has been shown to exist in some of the other 
genera referred to the Sul core teporidae — in Dichotrypa Ulrich, where the soaria are 
broad bifoliate fronds, In Ta^niopora Nicholson and Scmiopora Hall, and possibly In 
Ptilocella Siiniison and Acrogenia Hall, which are very similar in their external 
appearance to Bulcoretepora and are classified with it, but whose internal structure 
does not appear to have been adequately illustrated. 

Ulrich's original definition (1884) of the family did not mention the semi-cordate 
shape of the zooecia or the presence between the rows of zooecla of vertical plates as 
Structures characteristic of the family, though he did describe these at length under 
his description of the type genus (as Cystodictya). In the revised and fuller definition 
which he gave in 1890, and which Is quoted above, these characters are given as typical 
of the family. As has been pointed out on a previous page, many of the genera 
previously referred to the Sulcoreteporidae lack the vertical plates between the rows 
of sooecia, and their zooecia are simple and tubular, not semi-cordate, and are without 
hemisepta; the classifioatlon of these genera has been discussed on a previous page 
(p. 7). It is here considered that the family Sulcoreteporidae should be restricted to 
the genera which show the specialized cryptostomatous Internal structure of 
Bulcoretepora; the remaining genera should be removed to the Fistullporidae, of which 
family they are here considered to form a separate sub-family, the Hexagonellinae. 

Qenus DioHOTRvra Ulrich, 1889. 

Vichotrypa Ulrich, 1889, 800; Ulrich, 1890, 386. 498. 

Bulcoreteporidae with large thin bifoliate expanHona, the surface toith solid 
maculae; zooecia at first parallel to the mesial lamina^ then bending upwards to the 
#ur/ace; lunaria 7nore or less strongly developed; internal structure as in Sulcoretepora. 

Genotype: Dichotrypa foliata Ulrich. 1890. 

Range: Devonian to Mlsslssipplan. 

Diohotbypa iTRAonas, n, gp. PI, iv, fig. 2; TexMigs. 27, 28. 

Bolotype: F.42112A, Australian Museum Colin. 

Horizon and locality: Burlndi Series, near Barrington House, Williams River, 
Barrington Tops. 

Staoarium a spreading bifoliate frond with long, elliplicol, depressed nsamlae; aooebio 
short, with distinct lunaria, and separated by fine yesicniar tissue^ with vertical 
between the rows of sooecia. 
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The zmriu, are spreading hitoUate frimds reaching a maximum sise of about 
3-5 X Z cm.; they are about (^56 mm. in their maximum thlchneoe^ and are extremely 
thin near the periphery. The soaria appear to arise trotn a small base near the centre 
ot each colony, abeye which the colony spreads out rapidly; in each specimen it is 
the upper surface of the colony which is exposed, but one specimen, the hototype, 
shows a sinail protuberance in the centre where the colony appears to have been 
crushed against the base beneath, and in each specimen the zooecia radiate from the 
centre of the colony. The surface Is marked by long, elliptical, slightly depressed 
maculae, usually about 4 to 7 mm. long, though they may bo shorter, and from 1 to 
2 mm, in their greatest width; the zoarium was so thin in the position of the maculae 
that they now usually appear as elongate spaces, but the thin solid tissue of the 
maculae remains in one or two places. 

The zooecial apertures are small, and they are usually Indented slightly by 
lunarla; their measurements are: a, 0-22 to 0*24 mm.; 6, 0-22 to 0'?B mm.; c, O'OS ram.; 
d. 0‘16 mm. The apertures are surrounded by high peristomes, highest on the side 
on which the lunarlum is developed — this is usually the side closer to the centre of 
the zoarlum; the lunaria are thin, and they occupy about one-third of the circum- 
ference of each zooecial tube, but unfortunately crushing of the zoarium has distorted 
many of the zooecial apertures. There are about 84 zooecla in 7 sq. mm.; they are 
arranged in more or less regular rows radiating from the centre of the zoarium. At 
the surface the interspaces between the zooecla are smooth and solid; unfortunately, 
slides made of this form did not satisfactorily show the Internal structure — the 
zoarium was slightly recrystalHzed, and was also rather crushed ; the internal 
structure Is, however, shown well on slightly weathered surfaces of the zoarium; the 
zooecial tubes are short; they lie back to back on either side of the mesial lamina 
for a short distance, and then curve sharply upwards to meet the surface perpendicu- 
larly; they are arranged In rows (which radiate from the centre of the zoarium) 
between vertical plates, and close to the mesial lamina rather numerous small vesicles 
occur between and above the zooecla; as the surface is approached these are replaced 
by a very thin layer of dense tissue. 

In the largest specimen, the holotype, the zoarium Is practically flat, but In a 
second specimen (F.42112B, Australian Museum Colin.) the zoarium Is thrown up 
into two broad, deep folds along one edge. 

This Bpecict5 iS referred with some hesitation to Dichotrypa as. although in 
essentials it possesses the characters of this genus, it is unlike described species of 
Dichotrypa in its very elongate maculae, which give it a marked superficial resemblance 
to species of Veramella and to fragmentary specimens of Qlyptopora. From Glyptopora 
it is distinguished by the form of its zoarium, since, although one of the zouria is 
strongly folded along one edge, the specimeua, despite their small size, appear to be 
almost complete, and there is no tendency to form a complex zoarium composed of a 
number of cup-shaped masses such as that found in Glyptopora. From Oeramella it is 
distinguished by the well-developed lunaria which are clearly shown in some of the 
zooecial tubes, and the interzuil structure appears to be rather different from that 
found in either Veramella or Glyptopora. From Coscinium It is distinguished by 
possessing solid maculae instead of open fenestrae bordered by a narrow solid edge. 
It therefore seems more closely related to Dichotrypa than to any of these three genera, 
since the shape of the maculae, though it Is occasionally persistent and characteristic 
of a generic igroup, is of far less Importance than the differences from other genera 
mentioned above. 

Oeramella caaei McNair, 1987, from the Middle Devonian Traverse Group of 
Michigan resemhlss this species in its general external appearance; it also is an 
extremely thin bifoliate expansion, with similar elongate maculae with small zooecial 
ap^ures separated by solid tissue at the surface, but with the zooecla separated by 
vesjUsuiar tissue close to the centre of the zoarium; it differs from Dichotrypa frapilia, 
Ikowever, in the details of iU size and structure, including the abesnce of lunaria. 
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SXJMICAAT. 

The Bryozoa descrihed in this paper are collections from the Lower Carboniferous 
of Queensland and from the Lower and Upper Burlndi Series and the Lower Kuttung 
Series (Lower Carboniferous) of New South Wales; these collections contained 
representatives of a number of genera common In the Lower Carboniferous of Europe 
and North America but not previously known to occur in rocks of this age in eastern 
Australia. 
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EXI'LANATION OF PLATES I-Vl. 

Plate i. 

Pig, 1. — FenesfrelMna yarrolenaia, n. sp. Obverse surface of the holotype, x 10. 

Fig. 2 Polypora auUdfera, n, sp. Obverse surface of the holotype, x 10. 

Figs. 3-6 . — Evactinopora irregularis, n. sp. Holotype. 3. Fart of the surface of one of the 
rays, showing the elongate depressed maculae and the zooocial apertures, some of these being 
indented by lunaria, x 10. 4. Upper edge of thti zoarium, natural size, 5. I.,atera1 view of the 

zoarlum, natural size. 6. Base of the zoarium, natural size. 

Plate il. 

Figs. 1-2, — Archimedes retina, n. »p. Holotype. 1. Zoarium, natural size. 2. Obverse 
surface of portion of the meshwork, x 10. 

Figs. 3-6. — Archimedes spiralis, n. sp. Holotype. 3. One of the fractured rootlets, which 
repeatedly forked at its distal end, x 10. 4. Lower end of the shaft, showing the rapid increase 
In diameter of the shaft above the second volution, where the shaft is joined by a ring of 
rootlets, X 2*5, 6. The shaft, showing In direction of growth above the fracture between the 

sixth and seventh volutions, and the broken bases of the rooilets developed on the under side 
of the shaft below the fracture ; the frond is broken off at the edge of the flange throughout 
the zoarium ; natural size. 6. Surface of the zoarium at the level of the ninth volution, 
showing the fractured ends of the branches of the meshwork, the direction of the striae of 
the fibrous tissue of the shaft, and the overgrowth of the shaft tissue over the broken ends 
of the branches on the upper side of the shaft. 

Plate ill. 

Pigs. 1-2, — Fisfnlamirta malmoenaia, n. sp, Holotype. 1, Part of the zoarium, x 2*5. 
2. Surface, showing apertures with peristomes and strongly-developed lunaria, x 10. 

Fig, 3 , — Penniretepora fragiUa, n. sp. Obverse surface of the holotype, x 10. 

Pigs. 4-6 . — Uamipora i Hamiporella) flemuoaut n. sp. 4. Obverse surface of the holotype, 
X 10. 6. Spreading base of a zoarium (P5768F, Qd. Unlv. C’lolln.) from which three branches 

arise, two of these branches being broken off just above the base, x KK 

Plate iv. 

Fig, 1 . — Evaotinopora trifoliata, n. sp. Holotype. showing two of the three vertical rays, 
lightly attached at their bases to a Bpirifer, natural size. 

Fig. 2 , — Dichotrypa fragilia, n. sp. Upper surface of the holotype (a), natural slse. 
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photogriM^h the cooeolEl tubes can be seen diversinv from a Ane line down the centre of the 
eearlum. 

Fig, 4. — FiatuHpora mirari, n. sp. Weathered eurface or the holotypet x 10. 

Finn -Ftetahimbie tMomata, n. ep. Hol43trpe. $. S&oarium x 0. Fart of the surface 
of the eoartum, x 10. 


Plate V. 

Fig. l.< — ^Fatn^pora iHnmipifralin) hifurcata, n. ep. Holotype. natural else. 

Pig. 2.' — Qoniocladia parva, n. «p. Part of the holotype, x 10. 

Figs. 0-6 . — Qoniocladia lama <de Kcminck). 3. Pan of a targe zoarlum (6424, Sydney 
Unlv. Colin.), natural else. 4. A small portion of this same specimen, showing the reverse , 
surface of a branch and, where weathered, showing the sooeda and vesicles, x 10. 6. Obverse 

surface of another soarlum (6424B, Sydney Unlv. Colin.), x 10. 

Plate vl. 

Pigs. 1-2 . — Bemitrypa olarkei, n. sp. J. Part of the surface of the holotype, showing the 
fenestrate soarlum and in the upper left-hand corner part of the finer hexagonal mesliworlc of 
the superstructure which is developed above the obverse surface, x 10. 2. A similar view of a 
second specimen (6430B, Sydney UnJv. Colin.), x 10. 

Fig. 3. — PenesfreHina ooaHaaCa. n. sp. Holotype, x 10. 

Pig. 4 . — FeneatreUina propinqua (d© Koninck). Neotype, x 10. 

Pig. 5. — Pfiloporu koninoki, n. sp. Holotype, x 10, 
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THE UTILIZATION OF FUMARATE AND MALATK BY Wi^CHBRICHlA COU 
IN THE PRESENCE OF MOLECUI.AR HYDROGEN, 

By Jtnk LA«(jrxLK8, Dinnoun Macleay Fellow of the Society in Biochoniistiy, and 
J. L. Stim„ Department of Biochemistry, UnheiKity of Sydney. 

(Two Text ligu res.) 
tth*a(;i .'iOth April. I»4 7.i 

I NTKODUC'TION. 

The reduction of fumarate by molecular hydrogen in the presence of washed 
Hiispensions of bacteria was llrsl observed by Steplienson amJ Stickland (11)31) using 
EHchtnichia co/h The phenomenon was studied by Kiebs (1937) using a diffeient 
strain of F, co/i, 

Fischer and Eysenbacli (1937), using celMTee extracts of a stialn of yeast, which 
did not appear to (ronlain suc:cinic dehydrogenase, showed that fumarate could be 
reduced enzymically with the hydrogen donated by certain reduced dyes of low E'o 
values. Later, Fisclier, Uoedig and Uaiicli (1939) obtained evidence that the enzyme 
responsible for this i*eaction, fumarate hydrogenase, was a tlavoiiroUdn. 

Claren (1938), using wa.shed suspensions of luminous bacleiia, showed (hat 
fumarate was a hydrogen a<‘ceptor in the presence of molecular hydiogen, succinate 
being the product of the reaction. Under .similar conditions, niaUite was also an 
acceptor. He observed tliat in tliese su.spensions the Knallgas r(‘action did not occur 
in the absence of fumarate and concluded (hat the role of fumaiate w’as catalytic. 
Succinate had the same effect as fumarate. 

Hoberman and Uittenberg (1943) observed that hydrogenase of suspensions of 
VrotexiH vulgar iH, as measured by the exchange reaction with heavy hydrogen, was 
inactivated by molecular oxygen and reactivated by incubation with rumarate, succinate 
and glucose. 

The piesent study was undertaken to find out the relationship between hydrogenase 
and the enzyme systems activating fumarate and malale in vva8ht‘d suspensions of 
K. coli. 

Mkthouh. 

The organisms were grown and suspensions prepared as described previously 
(Lascelles and Still, 194()0). Suspensions of about 5-7 mg./nil. dry weight were found 
to be moat satiafactoi y. 

In many instances expert numts were carjied out using suspensions treated with 
toluene as well as with normal suspensions. This treatment consisted in incubation of 
the cella with toluene foi’ at least 2 hoin-s in an atmosphej'e of hydrogen at 38 °C. 
Similar preparations could be obtained by keeping the cells under hydrogen with 
toluene for 16 hours at room temperature, or, for a long('v period, in the refrigerator. 
One effect of toluene was to minimize the reduction of fumarate by donators within 
the cells. 

Some experiments were carried out with cell-fiee preparations of E, {'oR. These 
were prepared as previously described (Back, LascoUes and Still, 1946), using the 
technique of Kalnitsky, Utter and Workman (1945). 

Eatlmatlons of succinic acid were carried out by the method of Krebs (1937), after 
extraction of the acid from the reaction mixture with ether. Fumarate was estimated 
by the method of Krebs, Smyth and Evans (1940). 

E 
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Otherwise, the techniques used were those described in another paper (tiascelles 
and Still, 1946a). 


The Rkouctiow ok Pum abate. 

£!ffect of Variation of H4on Concentration . — The optimum pH using phosphate 
buffers was 6'0 for normal and toluene treated cells. Phthalate buffers were Inhibitory, 
but this inhibition was not removed by addition of phosphate. Using cell-free extracts, 
the optimum pH was 6*8. The inhibitory action of phthalate was more marked In the 
instance of the extract. Acetate buffers of the same pH were not inhibitory. 

7'he Course of tlu‘ Reaction . — This varied with the cell preparation used. In the 
instance of the normal cells, the hydrogen uptake corresponded with about 60% of the 
theoretical uptake required for the complete reduction of the added fumarate to 
succinate. Analysis showed that approximately 90% of the fumarate disappearing 
was recoverable as succinate. 

In the absence of KOH in the centre well of the manometer vessel, evolution of COy 
was demonstrable. This evolution of COa was most noticeable in an atmosphere of 
nitrogen. Krebs (1937) has studied this phenomenon in some detail. 



pig, 1.— Course of hydrogen uptake In the presence of fumarate and malnte. 

Each rniinometer vessel contained: 10 ml. suspension dry wt. 74 mg./ml., 15 ml. M/B 
phosphate buffer pH 0 0. 01 ml. M/5 fumarate and/or 0*1 ml. M/6 dZ-malate was in the 

side artn. Distilled water was added to make a final volume of .^*0 ml. In the centre well 
was 0-2 ml. 20% KOH. 

Carue i . — Course of hydrogen uptake in the presence of M/IBO fumarate. 

Curvti 2.— Course of hydrogen uptake in the presence of M/160 dl-malate. 

Curve .^..—Course of hydrogen uptake in the presence of M/160 fumarate and M/160 
dDmalate. 

Using toluene-tjeated cells, the hydrogen uptake corresponded with 95-100% of 
the amount required for complete reduction of the fumarate to succinate <see Figure 1). 
Analysis showed that 95-100% of the fumarate disappearing was recoverable as 
succinate. Thus treatment with toluene eliminated most of the blank reduction of 
fumarate by hydrogen donators remaining in the washed cells. In addition, toluene 
treatment markedly accelerated the rate of hydrogen uptake in the presence of 
fumarate (see Table 1). 

The toluene-treated cells did not show an evolution of COa, In the presence or 
absence of fumarate. The cell-free extracts behaved like the toluene-treated cellB with 
respect to the correspondnce of hydrogen uptake to the amount of fumarate reduced to 
succinate: nor did these preparations sJiow an evolution of COt* 

It was shown that the reduction of methylene blue in the presence of succinate was 
greatly inhibited after the ceils had been treated with toluene as described above. 
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TABLE 1. 

TAp of TmUpmnt of 3u»pen$ion$ with 

Each manotnctcr vcwiel ofmtalned 10 ml. MiHpenfslon, 6 JJ mg./niL tlrs' wt. 3 *5 ml. M/5 phoMpfmte pH 0 0; Id thr 
aide arm wm 0-3 ml. M/IO fVimaratc. UiMtllh'd water waa added to make a final vnliimo in each of 8 0 ml. In the 

centre well waa 0-2 ml. 20% KOH. 


Toluene 

Trentment, 

Titiu; of 


Hydrogen Uptake (|Jl 1.). 
(Min.) 


TheoreUcal 

— I-I 

Percentage 
Acceleration 
by Toluene 
(20*). 

X 1 ll.«' LA Um V IUaJ 

in Hydrogen. 

20 

40 

60 

HO 

00 

UpUke, 


Nil 


45 

103 

112 

112 

224 



120 min. 

36 

76 

106 

U2 

112 

,, 

... 


120 „ 

83 

VA7 

107 

204 

204 

,, 

130 


Concentration of Fumarate. — The maximum rate of hydrogen uptake was obtained 
with M/300 fumarate, using normal cells, toluene-treated cells or the extract. 

Artifieial CarruTA’.— Unlike the reduction of nitrite and hydroxylamine by this 
strain of E. coH (Lascelles and Still, 19460). reduction of fumarate by molecular 
hydrogen was Independent of added carriers. The addition of cresyl blue, methylene 
blue or nlle blue did not accelerate the hydrogen uptake. Benzyl viologen in concentra- 
tion 0-002% did increase the rate of hydrogen uptake by about 50%. This was observed 
in the extracts also. As in the instance of nitrite and hydroxylamine reduction, this 
may be partly non-enzymlc. 

Dilution of the Suspensions. — The rate of hydrogen uptake in the presence of 
fumarate fell off sharply on diluting the suspensions. The activity of the diluted 
suspensions could be fully restored by the addition of boiled suspension. A preparation 
of diphosphopyridine nucleotide (I3PN) obtained by the method of Williamson and 
Oreen (1940) was also active. Manganous ions in a concentration of M/300 restored 
some of the lost activity, but not to such a marked extent as the boiled suspensions or 
the DPN preparations. The addition of both DPN and manganous ions restored all the 
activity of the diluted suspensions. 

Addition of M/3,000 manganous ions, M/300 magnesium ions, ferrous ions (as ferrous 
ammonium citrate) or of M/1,000 muscle adenylic acid did not result in any stimulation 
of the rate of hydrogen uptake by the diluted suspensions. 

This problem will be studied at greater length using cell-free extracts of the 
bacteria. 

Action of Inhibitors. — M/100 cyanide, M/60 hydroxylamine, M/60 hydrazine, and 
M/100 arsenlte did not Inhibit appreciably the hydrogen uptake in the presence of 
fumarate. In all cases the Inhibitor was incubated with the cells or extract prior to 
addition of the fumarate. 

Sodium malonate: M/80 malonate inhibited the system by about 20% using normal 
cells. The inhibition was much more marked after the cells had been treated with 
toluene and also with the cell-free extract. In these instances the inhibition was 
BO-70%. The degree of inhibition varied only slightly with variation in concentration 
of fumarate. 

Sodium selenite: M/100 sodium selenite appeared to inhibit the hydrogen-furaarate 
systemi especially with toluene-treated cells, but this compound was itaelf changed by 
the bacteria, as shown by the darkening In colour and the generation of a foul odour, 
suggesting selenium hydride. 

Bodium fluoride: M/60 sodium fluoride was inhibitory to the extent of 40-50% 
using toluene-treated cells; the degree of inhibition was slightly less with normal cells 
and with the extracts. The effect was independent of the concentration of added 
magnestum ions. 

Sodium pyrophosphate: M/BO pyrophosphate inhibited the toluene- treated cells by 
about 60%. The reaction in normal cells and in the extract was not inhibited 
appreciably. The inhibition was Independent of the concentration of fumarate. 

Carbon monoxide: This Inhibitor was used In gas mixtures of hydrogen and 
carbon monoxide In the ratio Ha/CO 1:4; this partial pressure of cavbon monoxide 
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inhibited the uptake of hj^drogen In the presence of fumarate by only 50%. The 
control experiments were carried out In atmospheres of hydrogen and nitrogen in the 
ratio of 1:4. 

Sodium azide; M/100 sodium azide inhibited the hydrogen fumarate reaction in 
normal cells by about 30%; however, with the toluene-treated suspensions and In the 
extract, no Inhibition was observed, even with M/30 azide. 

Nltrophenols; The effect of certain nitrophenols was markedly changed by toluene 
treatment of the cells. 

The toluene-treated cells and the cell-free extract weje not inhibited by any of the 
foul' nitrophenols used. However, the rate of hydrogen uptake in the presence of 
fumarate with noj iual cells was almost completely inhibited by M/1,000 2:4-dinltrophenol, 
and partially inhibited by M/1,000 m-nitrophenol and p-nitrophenol, as shown in Table 2. 

The action of o-nitrophenol was exceptional in that it brought about a marked 
increase in the rate of liydrogen uptake. In the absence of fumarate, these nitrophenols 
always caused a very small hydiogen uptake, not observed In their absence. This was 
not sufficient to account for the acceleration of hydrogen uptake by o-nitrophenol in 
the presence of fumarate. 
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Ortiio-iihcnunfliiollne: Gaffion (1945) has shown that o-ithenanthroline inhibits 
the adaptation leactlou and photoreduction in jS*cc ri eric by about 50%; this 
compound also stabilizes the adapted cells against revei'sion under the influence of 
strong light. 

The uptake of molecular hydrogen in the presence of fumarate was inhibited from 
50-70% by M/500 o-pheutvnthroline. The same results were obtained with normal cells, 
toluene-treated cells, and with the extract. Shaking the cells or extract in oxygen in 
the presence of this inhibitor prior to determination of the hydrogen-fumarate activity 
(by replacement of the oxygen with hydrogen, and addition of fumarate to the reaction 
mixture) did not Increase the inhibition. 

Addition of M/800 ferrous ammonium citrate, or M/300 manganese sulphate or 
M/800 zinc sulphate to the cells or to the extract, after they had been shaken in 
hydrogen in the presence of M/500 o-phenanthroline. resulted in a partial reversal of 
the Inhibition (see Table 3). 

M/300 magnesium chloride and M/300 calcium chloride were ineffective. 

Ferrous ions and zinc ions are known to form complexes with o-phenanthroline 
(Sandell, 1944). 

A study was made of this inhibitor on other enzymic reactions involving molecular 
hydrogen, using the same strain of Pf. coH. 

With methylene blue as acceptor, M/500 o-pheuanthroUne caused a slight acceleration 
In the rate of hydrogen uptake, when the methylene blue was added to the cells after 
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tiioy luKi biM^n filuikini; in hydioi^en in the prosonco of o-phenanthroline. But if the 
fells had been shaken in oxygen in the piesence of o-phenanthroline subsequent deter- 
mination of the jate of hydrogen uptake in the presence of methylene blue showed that 
o-phenanthroline now* inhibited by about 80^/,. It was showm that the cells did not 
form an inhibitory compound while shaking with o-phenanthroline in an atmosphere of 
oxygen. Thus a suspension of tJ. (oli was shaken with phosphate buffer and M/200 
o-phenuntlirolliie In an almosphere of oxygon at 38' 0. for 30 minutes; the cells weie 
then removed from the reaction mixture by centrifugation, and aliquots of the super- 
natant weje tested foi‘ their action on the bydrogon-meUiylene blue system with fresli 
cells. No inhibition was observed. But If the hydrogen-methylene blue reaction were 
carried out on tlie cells which had been shaken in oxygen with o-phenanthro!ine, strong 
inhibition was obtained. Control experiments were performed on suspensions which had 
been shaken in oxygcui in th<‘ absence of o-phenanthroline. 

The KnallgtiB reaction was Inlilbited by about 90% by M/500 o-pbenanthroline. Gas 
mixtures containing in the ratio of 90/10 were used. Controls containing nitrogen 

instead of oxygen showed negligibh^ uptakes of gas. This inhibition of the Knallgas 
reaction was partially reversed by M/300 zinc sulphate; this was added to the cells after 
they had been shaking with the gas mixture for 30 minutes in the presence of 
o-phenantUrollne. Manganous Ions and feu rous ions were not used, due to the blank O 3 
uptake in the presence of these ions. 

The rate of hydrogen uptake in the presence of potassium nitrate was inhibited 
from 60-00% by M/600 o-phenanthroline. This inhibition was partially reversed by 
M/300 ferrous ammonium citrate, MnSOj and ZnSO^ under the same conditions already 
described for the reduction of funiarate. 

It Is not possible yet to decide whether inhibition by o-phenanthroline denotes the 
participation of a metal in the catalytic systems. 

Sodium iodoacetate: M/1,000 iodoacefate Inhibited hydrogen uptake with fumarate 
by 98% and M/6.000 by 80% . 

The Effect of Molecular Oxygen, ~ln previous studies of systems involving hydi'o- 
genase, it has been found that shaking of the cells with oxygen Inactivates some part 
of the system (Lascelles and Still, 1946rt), The reduction of fumarate by molecular 
hydrogen was also inhibited by previous incubation In oxygen. 

The inhibitory effect obtained by preliminary incubation in oxygen was much more 
marked in the cell-free extract. 

The Effect of Kuemnuie and Muleatc . — ^The effect of addition of these C*-dlcarboxylic 
acids on the hydrogen-fumarate reaction is summarized in Table 4. 

Thus, under the conditions of these experiments, succinate, the product of the 
reduction, did not Inhibit the forward reaction when added initially. The system does 
not reduce the stereo-isomer, maleic acid, under the conditions suitable for the reduction 
of fumarate. Nor Is maleic acid an Inhibitor of the reduction of fumarate. 
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The Reduction of Malate. 

Quaetel and Whetham (1924) showed that washed suspensions of E. coU contained 
the enzyme, fumarase. It was considered likely that, in the present investigation, 
addition of malate to the washed suspensions would result in uptake of hydrogen. This 
was shown to occur under much the same conditions as held for the reduction of 
fumarate. 

HHon Concentration . — The optimum pH for the hydrogen -malate reaction was 8-0 
with normal cells, and with the extract was 6*8. 

The Course of the Reaction . — In normal cells, the hydrogen uptake per molecule of 
(il-malate added was about 80% of the theoretical amount required for the reduction of 
the dZ-malate via fumarate to succinate. 

In the extract, the uptake corresponded with 50% of that required for complete 
reduction of the d2-malate to succinate. These findings suggested that only one of the 
isomers in the dl-malate had been activated by the bacteria. Other workers have shown 
that fumarase from animal and bacterial sources is specific for 2-malic acid and fumaric 
acid only. 



Fig. 2. — Course of hydrogen uptake In the presence of fumarate and malate with untreated 
and toluene treated celle. 

Contente of veaeeZe as in Figure 1 ; suspension, dry wt. 7*7 mg. /ml. 

Ourv 0 1 . — Course of hydrogen uptake In the presence of M/iB8 fumarate; cells kept In an 
atmosphere of hydrogen for sixteen hours at 21*C. 

Ourvo 2 . — Course of hydrogen uptake in the presence of M/150 fumarate; ceUa kept in an 
atmosphere of hydrogen with toluene for sixteen hours at 21 '^C. 

Curve 3 . — Course of hydrogen uptake in the presence of M/ISO dl«malate; cells kept in 
an atmosphere of hydrogen for sixteen hours at 

Curve 4.-^our*e of hydrogen uptake In Oie presenoe of M/i60 itKmaiate; ceils kept th an 
atmosphere of hydrogen with toluene for sixteen hoUre at 01*Ci 
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Figure 1 shows the course of hydrogen uptaice by normal cells in tha^presence of 
41-malate and fumarate, separately and together. 

Toluene treatment inhibited the hydrogen uptake in the presence of xtl^malate 
almost completely; under the same conditions, the rate of hydrogen uptake In the 
presence of fumarate was markedly accelerated. Woolf (1929) showed that Z% cyclo* 
hexanol, after Incubation with suBpensions of JE7. coli for 15 hours, inhibited fumarase 
completely. 

This action of toluene made it possible to examine the properties of the hydrogen- 
fumarate system uncomplicated by the fumarate-malate eaulllbrlum. 

Figure 2 compares the course of hydrogen uptake by toluene-treated cells and 
normal cells, in the presence of fumarate or dl-malate. 

Concentration of ^hMalatc , — The optimum concentration of dZ-malate was found 
to be M/100 or greater. 

Dilution of the ^Suspensions , — The hydrogen-malate system showed marked loss in 
activity when the suspensions were diluted. This system appeared to be more sensitive 
to dilution than the hydrogen-fumarate system. However, restoration of the lost activity 
was obtained under the same conditions as already described for the reduction of 
fumarate. 

Inhihitors , — As shown in Table 6, the rate of uptake of hydrogen In the presence 
of malate was affected qualitatively by most of the inhibitors in the same manner as 
the reduction of fumarate. 


Tasle 5. 

Effect of inAtfcitof# on the Bedueii&n of MaUtU. 

Kach manometer vessel cont4j4nod 1 *0 ml. suspension, about 6*6 mg, /ml. dry wt., 
t 5 ml. M/S phoBpliate buflTer pH 6 *0. The inhibitor was incubated with the 
cells during the eQulUliration period. The side arm contained 0*1 ml. M/1 
dZ-malatc, In the centre well was 0 2 ml. 20% KOH. 
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Outstanding differences with respect to the action of inhibitors on the two systems 
were noted with sodium azide, sodium duoride and o-phenanthrollne. In these cases, the 
hydrogen uptake In the presence of malate was much more markedly Inhibited than 
was the reaction with fumarate. 

Attempts were made to reverse the inhibition by o-phenanthrollne by addition of 
ferrous ions, nuuiganous ions, sino ions and magnesium Ions. However, no diminution 
of^ was obtained under those conditions which reversed to a marked 

4^^ tlM inhibition by o-phenanthrollne of the hydrogen-futnarate system. 
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Pr^llxnlnAry Incubation with molecular oxygen inhibited the reduction of cti^malate 
by molecular hydrogen to the eazne degree as the hydrc^en-fumarate eyetem. 

The uptahe of hydrogen In the preeence of dl-mnlate was more sensitive to M/30 
maleate and to M/30 succinate than was the uptake In the presence of fumarate. 

DisctrsszoN. 

Studies with inhibitors would seem to suggest that the part of the system activating 
fumarate rather than that activating the hydrogen was the factor limiting the rate of 
hydrogen uptake. Thus cyanide, carbon monoxide and hydroxylamlne inhibited strongly 
the reduction of methylene blue by molecular hydrogen but did not inhibit the 
hydiogen-fumai‘ate or the hydrogen-malate systems to any marked extent. In previous 
studies on other reactions linked with hydrogen oxidation, similar observations have 
been made. The QH^ values when methylene blue was the acceptor were much higher 
than those observed when either molecular oxygen, nitrate, fumarate or malate were 
used* It can be assumed that all these acceptors, except methylene blue, required 
the participation of other enzymes besides hydrogenase, 

Hoberman and Uittenberg (1943) have put forward the view that hydrogenase is u 
ftM’rous porphyrin enzyme. Of the systems linked with hydrogenase, Graniek and Gilder 
(1945) have produced evidence indicating that the nitratase of Hacnwphilus influenzae 
may well be an iion porphyrin enzyme. In general, one may say that there is not a 
great deal known about the enzymes and carriers of all these systems involving the 
oxidation of molecular hydrogen. 

Doubts about permeability invariably introduce difficulties in assessing the value 
of studies on the enzymes of unicellular organisms. Dynen (1942) has drawn attention 
to the impermeability of yeast cells to malonate and succinate within the usual pH 
range. He overcame this difficulty by using a very acid pH, The marked accelerating 
effect of toluene treatment on the reduction of fumarate by molecular hydrogen in the 
presence of cells of E. eoti in this investigation may be due partly to its action on the 
cell membrane. This is furthej* suggested by the observations on the cell-free extract. 
The properties of the hydrogeu-fumarate system resembled, in this instance, more closely 
the behaviour of the toluene-treated cells than the normal cells. 

The marked difference with respect to the effect of toluene treatment between the 
hydrogen-fumarate and the hydrogen-malate systems may be due to sensitivity of 
fumarase to such treatment. 

In view of the work of Clifton and Logan (1989), the effect of 2:4 dinitrophenol on 
the hydrogen-fumarate system was of Interest They found that the rates of oxidation 
of fumarate and succinate were Inhibited markedly by DNP, whereas the rates of 
oxidation of other substrates tested were affected to a much smaller extent. 

In the present investigation, the hydrogen-fumarate system in the extract and in 
the toluene-treated cells was unaffected by DNP: but, with normal cells, DNP was 
strongly Inhibitory, Sodium azide Inhibited the system In the normal cells but to a 
smaller extent. It exerted no inhibition with the extract or with toluene-treated cells. 

Results obtained to date with o-phenanthroline do not give any clear Indication of 
its mode of action. Its most pronounced action was on the hydrogen-malate system, 
which was completely Inhibited by M/600 o-phenanthroline. This fact, together with the 
very marked dilution effect on the system, suggested the possibility of a metal component 
In the enzyme, fumarase. Lakl and Lakl (1941) have obtained a crystalline fumarase 
from beef heart, but do not mention the involvement of a metallic Ion in this enzyme. 

Summary. 

The reduction of fumarate and dl-malate by molecular hydrogen in the presence of 
washed suspensions of E, coli has been studied. 

In general, the properties of the two systems were very similar. 

Treatment of the cells with toluene gave a material most suitable for the investlgar 
tlon of the reduction of fumarate. This treatment diminished reduction of fwmarnte by 
endogenous hydrogen donators and accelerated the rate of hydrogen uptake in the 



preaeaoe of tunaarate but iubibited Btronitly the reduction of dl^xmlate by molecular 
hydrogen. 

The inhlbltore studied included DNP and o-phenanthroUne. MA*000 DNP strongly 
inhibited the rate of hydrogen uptake in the presence of fumarate by washed cells. This 
inhibition was not observed with the toluene treated cells. M/SOO o-phenanthrollne 
inhibited the rate of hydrogen uptake in the presence of fumarate strongly, and 
completely inhibited the reaction with malate. 

A few experiments were carried out with cell-free extracts of the bacteria. In 
general, the action of inhibitors in these instances closely resembled the behaviour of 
the toluene-treated cells. 
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iNTROttUCTION. 

The present paper records for the first time the occurrence of the genus 
Btirpagomyia de Meijere in the Australasian Region. B. genurostris (Leicester) is 
recorded from northern Australia and southern New Guinea, one new species is described 
from northern New Guinea and another from the Solomon Islands. The previous 
known range of the genus embraced the Ethiopian and Oriental Regions. In the latter 
region it extended eastwards to the Philippine Islands in the north and to Java in 
the south. 

Although a complete revision of the Oriental species is not at present possible, 
comparative notes on the Oriental and Australasian species are Included in an attempt 
to facilitate their identification. 

Barpagomyia is one of the most remarkable of mosquito genera because of the 
association of at least some species with ants belonging to the genus Oremaatogattter, 
The adults obtain food from these ants by inserting the proboscis between the ants' 
Jaws and absorbing any food offered. This association was first observed by Jacobson 
(1909a) in Java and was subsequently confirmed by James (1914) in Ceylon, and 
Farquharson (1918) in Tropical Africa. However, no such relationship has been 
observed In the Australasian species as, so far, the only adults exaiplned have been 
bred through from larvae. 

Genus Harpaoomyia de Meijera 

Da Mbukkib, J. C. H,. 1909. — T{j4sohr, Ent, 68; 165. 

Edwards, F. W., 1921, — Trans, tnt. 8oo. Load., 1981 : 498. 

, 1982. — CuUcldae In Wytsman's Genera Inseotorum. Fasc. 194:98. 

STNOKVMY. 

Malata Irfslcester. 1908 (neo Malaia Heller, 1893). Cullotdae of Mklaya In gfad. /esf. F«A 
Malay Bt€Uss. 8:868. Genotype: M- gsmtrostris. 

Orahauia Theobald, 1909. Colonial Offloe MisceU. Publ. No. 887 : 23. Genotype ; 0. 

•Continued from these FnooraDXiros, hex <6^6)^ 1946, 819. 
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CHAflAOtBBS OF THE OKKim. 

Adult. 

The most dlatlnctive character of Harpagomyiu is the proboscia (Text-hga, 1 and 2)r 
which la stout and hairy with a flexible Joint at about two-thirds from the base, beyond 
which It is swollen. On each side of the basal two-thirds is a row of upwardly-directed 
bristles, and inserted near the base of the labella are four long, curled hairs. Mandibles 
and maxillae are absent in both sexes. 

All species are relatively small, dark coloured mosquitoes with patches of silvery 
scales on the head, thorax and abdomen. The head is clothed with broad, flat scales, 
there being a silvery patch on the vertex and similar patches laterally. No upright 
forked scales are present. The clypous Is elongated and rather pointed, and is in close 
contact with the proboscis, as are the two-segmented palpi, which are scarcely longer 
than the clypeus and alike in both sejccs. The antennae are alike In both sexes, those 
of the male lacking distinct plumes. 

The prothoraclc lobes are well defined and clothed with flat, metallic-silvery scales. 
Dorsocentral bristles are present on the scutum, which is clothed with narrow, curved 
scales and often a median line of flat, silvery scales. The scutellar scales are broad 
and flat. There are one or two posterior pronotal bristles, one to three splracular, six 
to ten upper mesepimeral, but no sternopleural, lower mesepimeral or prealar bristles. 
The pleural scaling is metal Hc-si I very and extends over the posterior pronota, sterno- 
pleura and the upper part of the mesepimera. The postnotum is bare. 

The legs are normal, uniformly dark scaled, with simple tarsal claws, those of the 
front pair In the male being slightly unequal. There are no pulvilli. 

The wing scales are moderately broad and pointed, and the wing membrane bears 
distinct microtrichla. Cu/ is well developed, almost reaching the wing margin, and 
the anal vein ends immediately below or a little beyond the Junction of Cu^ and m-cu. 

The abdomen Is dark brown to black with large silvery spots laterally. The eighth 
sternite is small and inconspicuous, as are the stout and broad cercl in the female. 

Male Terminalia: The coxites, which are scaled ventreUy,t are about twice as long 
as broad and bear 111-deflned basal lobes, each with several simple spines. The claspers 
are curved and simple, with a short, thick terminal spine. The harpagones are simple,, 
bare and pointed, while the phallosome Is weakly chitinized, divided or entire. 

Larva. 

The antennae are short and smooth, with a small, simple shaft hair. The arrange- 
ment of the head hairs (Text-flg. 5) is unusual in that hairs A, B and d form a convex 
row around the anterior margin of the head, with hair C usually much smaller^ 
posterior to B and d, and at or about the level of the bases of the antennae. The 
mouth parts are unmodified. The clypeal and epicranial sutures are indistinct. 

The dorsolateral and ventrolateral thoracic hair tufts ai*e well developed, particularly 
on the prothorax, where two large fan-shaped tufts arise from a dorsolateral chltlnised 
plate. 

The lateral hair tufts on the first two segments of the abdomen are well developed 
and the individual hairs rather long. The tufts on the following segments consist of 
fewer and finer hairs, though the individual hairs are still long. On the siphon there 
is one pair of true ventrolateral hair tufts distal to which is an irregular row of 
unpaired smaller tufts extending to the apex of the siphon. Dorsolateral hair tufts are 
present, variable In number and relative position. There is no ecus and the pecten ia 
extremely variable. The saddle, from which arises a very long saddle hair, Is weakly 
Ckltihised and bears laterally a patch of relatively large scales. The ventral brush is 
reduced to two or three fine hairs which may be single or branched. 

♦ In conformity with the terminology proposed by bee and Woodhill (1644, p. 83). Other 
authors either do not name, or merely refer to, this vein as an accessory vein or thickening. 

; tittfwatds (160 the ooxltc bears ^'scales on Us dorsal surface’*, but the 

: y^^tral snirface befovo the tip of the abdomen rotates. 
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BKLATION TO OTHKB OKNEBA. 

The genus Barpagomyia resembles the Oriental genus Topompia* (Theobald) in 
many details, and apart from the modified mouth parts In Harpagompia, there Is little 
to separate the adults of the two. When larval characters are examined it Is found 
that no constant differences between the two genera can as yet be established. Within 
the Australasian Region the only genus with which the larva could be confused is the 
genus Tripteroides Giles. In both genera the ventral brush Is much reduced, but 
Borpagomyia differs in the complete absence of stellate hair tufts, large spines on the 
thorax, or any modification of the maxillae'. 

Australasian Spkoiics. 

Habpaoom'yia lkri, n. sp. 

7*ppcs ; Holotype female, allotype male, and two female paratypoH depoMlted In the Museum 
of the Division of Kconomlc Kntomology, Countdl for Scientific and Industrial Research, 
Canberra, A.C.T., and two female paratypes in the Madeay Museum, University of Sydney, 

Type Locality, Madang, New Guinea. (M. M. H. Wallace, January, 

DRSCBIPTION. 

Female. 

Head: The head is clothed with broad, flat scales — a large triangular patch of 
silvery scales on the vertex continued anteriorly for a short distance between the eyes, 
a patch of similar scales laterally on either side, and the remainder of the head 
covered with dark-brown to black scales. The antennae are slightly longer than the 
proboscis, the pedicels and flagella dark brown, the former with a greyish sheen. The 
first flagellar segment is longer than the remaining segments which are all about 
egual, with dark brown clothing and verticillate hairs. The clypeus Is elongated, only 
slightly shorter than the palpi, both clypeus and palpi being light brown with silvery- 
grey sheen. The basal two-thirds of the proboscis is light brown, darker underneath 
than on top, with scattered spa tu late creamy scales, light brown clothing hairs, and a 
row of upwardly-directed, dark brown, long hairs on each side. The apical third is 
dark brown with dark brown to black flat scales and hairs. 

Thorax: The integument is dark, reddish-brown, the mesonotum being uniformly 
covered with narrow-curved, light brown scales except for a median, longitudinal line 
of flat, white, silvery scales extending from the front margin to about the level of the 
wing roots. There are further patches of flat, white, silvery scales on the prothoraclc 
lobes, a small patch on the propleuron, a very largo continuous covering to the 
sternopleuron and upper mesepimeron, and a large patch on the middle lobe and Inner 
margins of each lateral lobe of the scutellum. The large, almost circular, flat scales 
on the proepimeron appear quite black in some lights but in others show metallic, 
golden-brown reflections. The outer edges of the lateral Jobes of the scutellum are 
clothed with broad, flat, dark brown to black scales. The postnotum is brown and 
bare, the stems of the halteres are light brown, the knobs being covered with dark 
brown flat scales. 

Legs: On the anterior surface of the fore coxae and lateral surfaces of the mid and 
hind coxae there is a patch of silvery, flat scales. The rest of the logs are entirely 
dark scaled except for the undersurface of the femora and to some extent the tibiae. 
The tibiae of all legs, particularly those of the hind legs (Text-flg. 3), are enlarged 
apically, and in the latter, the first tarsal segment is distinctly longer than the tibia. 

Wings (Text-fig, 12): The wings are entirely clothed with dark brown scales which 
are rather broader and more numerous on the basal sections of the costa, subcosta and 
radius. The upper fork cell is 2' 8 times as long as its stem, with its base nearer the 
base of the wing than that of the lower fork cell, which is approximately equal In 
length to Its stem. The posterior cross-vein is its own length from the anterior 
cross-vein. 

•The grenus Topotnyia hue been recorded by Brug (1939) as far east as the Celebes, 
breeding in leaf axils of Colocasia, but has not yet been found In the Australasian Region. 
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Abdomen: The abdomen has a complete covering ot broad, overlapping, flat acaleu. 
Apart from large triangular allvery-white patches apically on the lateral margins of 
segments X, 11, IV and V, and a minute patch on segment VI, the scales on the 
tergltes are all dark. 

Male. 

Sssentlally the male is similar to the female except that the large, flat scales on 
the posterior pronotum show more brilliant reflections than in the female, though still 
not as brilliant as Is found on the metallic scaling elsewhere. 

Genitalia (Text-flg, 4): The lobes of the ninth tergltes are strongly chitlnlsed and 
have nine or ten spines on each lobe. The basal lobes of the coxites are small and bear 
four strong bristles, above which, on the Inner surface of each coxHe, are two similar 
bristles. The phallosome is partly divided, with small projections on the apex. 

Larva. 

The larva of if. leei is rather inconspicuous when alive because of the general light 
brown colouration. 

Mead (Text-flg. 5): The clypeal spines are rather long and moderately stout; head 
hairs A, B and d are approximately equal in size, C is much shorter and finer; A has 
three to five branches and occasionally six; B Is normally trifid, but may be bifid; d has 
from three to five branches; C Is normally bifid but may be single or trifid; e has about 
three fine branches, and f Is weak, with five or six branches. 

Terminal Segments (Text-figs. 6-9): The lateral comb consists of from thirty to 
sixty fringed scales arranged in a large subtriangular patch. The pentad hairs are 
weak and located more towards the siphon than is usual; the first pentad hair has 
six or. seven finely frayed branches; the second is single and similarly frayed; the 
third is small and smooth and has from one to four branches; the fourth is frayed 
and has from one to three branches; and the fifth has normally two, but occasionally 
three, frayed branches. The siphon is weakly chitinlzed, particularly towards the base, 
and the siphonal index is about 3. The ventrolateral hair tuft has three or four slightly 
plumose branches, the following row of tufts consists of from two to four single, frayed 
hairs, followed by one or two smooth hairs with two to four branches. The dorsolateral 
hair tufts consist of from two to four normally single, occasionally bifid, frayed hairs 
followed by one to three smooth, smaller hairs with six or seven branches on the apex 
of the siphon. The pecten is extremely variable; in some specimens it Is composed of 
an irregular group of small transparent fringed teeth near the base followed by a 
widely spaced row of four or five larger fringed teeth. In other specimens the pecten 
is reduced to three or four fringed teeth which form an irregular row on the siphon, 
and all types of gra<lation between these two extremes have been seeu. The saddle 
normally covers between one-half and two-thirds of the anal segment, the saddle hair 
(Text-flg. 10) is very long, pilose at Us base, and usually with two approximately 
equal branches, but sometimes it is single. 



Text-fig. 12 , — Harpagomvia leei, n. sp. Wing of female, x 4S. 



BT B. u, wnMXaov, 


n 


The dorsal subcaudal hair tuft has four or five branches, ahd the yentral auhcaudal 
tuft is single. The ventral brush is reduced to two fine hairs and in one specimen an 
additional small hair is present. The anal papillae are extremely large, moderately 
wide and at least three times the length of the anal segment. 

Breeding HaHtat: Leaf axils of Colocasia sp. 

Di 9 tTihuticn : Madang. New Guinea. 

Vote, — Lleut.-Col. W. V. King obtained larvae of an undetermined species of 
Harpagomyia from the leaf axils of taro plants. Colocasia sp.. in the Dobodura-Oape 
Sudest area. New Guinea. In 1943. His brief description of the adults reared from these 
larvae (in “Keys to the CuUcine Mosquitoes of the New Guinea Region”, a roneoed 
document prepared for the U.S. Army, Third Medical Laboratory. October. 1944) 
indicates that they may have been H, leei, but the specimens were not available for 
examination. 


HAUPAUCMYIA SOLOMOMIB. B. 8p. 

Types : Holotype male, allotype female, one male paratype in the University of Queensland 
Colleotlon. Holotype and allotype with associated larval and impal skins. 

Type Locality : Bougainville (J. II. Coveil, December, 19i4). 

nieXINOTIVK OHAKACTEBS. 

B. solomonis, although closely related to B, leei, is distinct in both the male and 
the larva. In the adult male the scutellum has broad, flat, dark brown scales on all 
lobes, but no silver scales on the mid-lobe as in H. leei. The larva differs In head hair C 
being much longer and stouter, almost as well developed as A, B and d. The saddle 
hair consists of three or four equal branches and the hairs of the ventral brush are 
almost as long as the saddle hair. 


DEBOBIPTION. 

Male, 

Head: The scales of the head are broad and flat, the silver patch on the vertex 
not continued anteriorly between the eyes. The pedicels and first flagellar segments 
are light brown with a greyish sheen. The base of the proboscis, palpi and clypeus 
are cream, the remainder of the basal two-thirds of the proboscis light brown with 
scattered cream scales on the upper surface and darker brown scales underneath. 

Thorax: The Integument Is reddish-brown, the mesonotum with narrow, curved, 
dark brown scales and a median line of flat, almost circular, silver scales. Pronotal 
lobes are silver scaled and proepimeral scales appear dark brown, bronze or silver 
according to the direction of light. At most only two fine spiracular bristles are present. 
The scales on all three lobes of the scutellum are flat and dark brown in colour. 

Legs: The coxae are very light brown, each with a patch of silvery, flat scales, the 
remainder of the legs uniformly dark scaled. 

Wings: The scales on the wing and the position of the fork cells are as in 
H, leei (Text-flg. 12). 

Ahdomen: The dorsum Is entirely dark scaled, the anterior, lateral margins of 
tergites I, II, IV and V with patches of silver scales. Tergites VI, VII and VIII are 
completely dark scaled. 

Genitalia: The genitalia are similar to those figured for B. leei but the harpagones 
are less pointed and have much stouter sterna. 

Female, 

The clypeus, except for the tip, is dark brown in colour, the palpi and basal 
two-thirds of the proboscis slightly darker than In the male. 

The scutellum. though partly denuded, bears a number of broad, flat silver scales 
on the mid-lobe and dark brown, flat scales on the lateral lobes. 

The legs, wings and abdomen agree In all essentials with those of the male. 

Larva, 

Mead: Head hairs A, B, C and d are approximately equal in length; A has six 
branches; B has from three to five branches; C has two or three branches and d has 
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five or six branches. Head hair C normally has only one branch which is approximately 
equal in length to the longest branches of hairs A, B and d, the remaining branches 
of C being much shorter. * 

Terminal Segments: The ventrolateral hair tuft on the siphon has about five finely 
frayed branches; the row of hairs on the ventral surface consists of eight or nine 
single or bifid finely frayed hairs. The pecten is variable. 

The saddle is well developed and covers the upper two-thirds of the anal segment; 
saddle hair very long with three or four pilose branches which are approximately 
equal in length. The dorsal subcaudal hair tuft has four to six branches, all simple, 
while the ventral subcaudal tuft is an extremely long single hair. The ventral brush 
consists of two long, single, or bifid hairs about the same length as the saddle hair. 

Breeding Habitat: According to J. R. Coveil, larvae were found “breeding In axils 
of a lily-like plant with long narrow leaves, grows S-T feel high". A botanist reported 
on specimens, “That as far as can be ascertained, its family is Pandanaceae and 
genus Sararanga.*' 

Diatrihution : Bougainville Island. 

Note, — The colour of the clypeus in the female Is distinctive but may not be a 
constant character and could only be verified by the examination of further specimens. 

The description of the larva was made from correlated larval skins which were, 
unfortunately, poor preparations. No larval material was available and further col- 
lections are required before a fuller description and figures can be attempted. 

Haupaoomyia genubobtkis (Leicester). 

IjHICbbtbb, G. F., 1908. — Culicidae of Malaya in Stud. Jnat. Med, Hea. Fed. Malay States, 3 : 268. 
Eowarus, F. W., 1913.— B«n. ent, Itea.. 4:230, 

— , 1921. — Trans, ent. Soo. Land., 1921:498, 

, 19.30, — Bull. ent. Rea., 21:543. 

BAftRAon, P, J., l926."-/tki. J. Med. Rea., 14:349. 

— , 1934.— Fauna Brit. Ind., Dipt, 6:48. 

Bohakt, R. M., and Ingram. R, L., 1946. — Navmed 1056, Bur. Med. and Surgery, Navy Dept., 

Wash.: 54. 

Types: Type male in the Brltlsli Museum. 

Type hocalUy : Kuala Lfumpur, Malay Peninsula. 

Material ffxawhted: I have examined a series of specimens collected from i:)arwln and 
Cairns (Australia), and Merauke (Dutch New Guinea). 

DISTINCTIVE FEATITBKB. 

The adult may be distinguished by the cream to light brown colour of the basal 
two-thirds of the proboscis, clypeus and palpi, by the presence of a line of silver scales 
between the eyes, and the presence of large apical lateral patches of silver scales on 
tergites VI and VII, 

Larval differences are discussed in the description below. 

DBBCWPTION. 

Female. 

The basal two-thirds of the proboscis, the clypeus and palpi vary from yellow to 
light brown, the apical third dark with a complete covering of dark brown to black 
scales. The patch of silver scales on the vertex is continued anteriorly as a narrow 
silver line between the eyes. 

The integument of the mesonotum ranges from light to dark reddish-brown and 
the median line of metallic scales may appear silver or bluish according to the angle 
and intensity of the illuminating light. The silvery metallic scales on the prothoraclc 
lobes and proepimera can also vary, the former from pearly-white to azure-blue, 
the latter from white to yellow, but the reflections from these are never as brilliant as 
those from the prothoraclc scales. 

There are large apical patches of silver scales on the lateral margins of all the 
abdominal tergites except the third, the patches on tergites IV and VII being the 
largest and almost covering the sides of the tergites. 
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Male, 

Only the tip of the apical third of the proboscis is definitely dark, the remainder 
cream to light brown. The original description, based on a single male, states that the 
scutellar scales are "small, dark brown, and racquet-shaped**. Specimens from Darwin 
have broad, flat, dark brown scales on all lobes, but specimens from Cairns have flat, 
silver scales on the mid-lobe and flat brown scales on the lateral lobes as In the 
female. The Merauke material is badly rubbed and the only specimen with any scaling 
has two broad, flat, dark brown scales on the apex of the mid-lobe and scattered similar 
scales at the base of all lobes. Neither Barraud (1926, 1984) nor Edwards (1913, 1922, 
and 1930) deals clearly with the scutellum, though Barraud (1926) mentions that the 
"scutellar scales are silvery", but he does not disclose any sexual differences. In the 
type male, according to information received from the British Museum, the scutellum 
is denuded and the examination of further specimens points to the conclusion that the 
scaling of the scutellum in male H. genurostris is a variable character. 

The male Is similar to the female in all other essential details, and the genitalia 
show no marked differences from those figured for U. leei. 

Larva. 

The larva has been figured by Barraud (1934. Fig. 12, g-j) and is very similar to 
B. Zcet. The only points of difference may be in the dorsolateral hair tufts on the 
siphon, which are smaller and have? two or three smooth branches instead of the frayed, 
normally single, hair tufts in U. leti. Again, the saddle hair (Text-fig. 11) consists of 
one very long branch and one, In rare cases two, much finer and shorter branches. 
However, Bar pug (my in larvae are, as a group, extremely variable, and it is likely that 
the above characters would break down if a larger series of larvae from both species 
were examined. 

Breeding Babitat: The larvae have been found breeding in the leaf axils of large 
Arum (Barraud, 1934), in cunjevoi, probably taro (WasseU, 1944), in Colocasia 
(Wharton, 1946), and in Colocasia aniu/twruin. and Rhynchospora aurea (Cyperaceae) 
(Marks, 1946). 

/Xstribution : Previously known in India, Ceylon, Assam, Malaya, Philippines, Ryukyus, 
Okinawa and possibly Formosa. New Guinea (Cameron, 1945), Australia, Cairns (Wassell, 
1944, and Marks, 1946) and Darwin (Wharton, 1945) are new re<!ord8. 

Credit for the first discovery of //. genuroatris in Australia belongs to J. C. Wassell, who 
collected larvae at Cairns in June, 1944. 

Th(; presence of ii. genuroslHs in Java and Sumatra has been recorded by several authors, 
but the evidence on which this is based is not known to me, Edwards (1921), in a revision 
of the genus, reduced the number of Oriental species to one, niunely, B, genurostria. which 
was then regarded as having a distribution which included Java and Sumatra, In a subsequent 
paper (1930), Edwards restored the original species, and by virtue of this restoratirtn and 
the absence of new records, the distribution of 77. gt^nurotttris at present appears to exclude 
Java and Sumatra. 


Okikntai. Species. 

Barpagomyia genurostris was originally described from Malaya in the Oriental 
Region but its distribution now Includes parts of the Australasian Region. The 
dUtinctlve features of B. genurostris have been set out above, notes on the remaining 
Oriental species follow. 

Harpaoomyia coekxjleovittata Ludlow. 

LupiiOW. C. S.. IQli.^Payche, 18:131. 

Edwards, F. W., 19lZ,~-Bnll mU. Rea., 4 : 240, 

^ 1930."-Ibid., 21:643. 

Types: Type female in the United States National Museum, WaKhirigton. 

Type Locality : Philippine Islands, 

Material Ssoamined : No specimens were available for examination, but Lieut, -Col. W. V. 
King, of the United States Army, kindly examined the type female and forwarded a description. 

DKS081PTI0N. 

Because Ludlow described the clypeua as having a "rather long, white fuxsy 
tomentum", Edwards (1930) regards this species as distinct. Lieut.-Col. King formed 
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the opinion that there is definitely no tomentum, but that the clypeue is **ehlny dark 
browUr appearing frosted in some lights”. King farther mentioned that the specimen 
has apparently darkened In colour, and, as the remainder of the description follows 
that for H* ffenurostris it appears likely that H. coeruleovittata is a synonym of 
H. genurostris. 

The larva has not been described. 

Diatrilfution : Philippine lelandB. 

Hakpaoomyia JACOB 80 NI Edwards. 

EDWAaPS^ F. W., 1930. — Bull, ont. Hes., 21 : 548. 

Barjraup, K J., 1934.— Fauna Brit. Ind., Dipt, 6 ; 61. 

7'ypett : Type female In the British Museum. 

Type Locality : Fort de Kock, Sumatra. 

DESCBIPTXON. 

Aauit, 

Apart from being larger than the other described species (wing length 3-8-5 mm. to 
K. genurostris 2*2-2*4 mm.), B. jacobsoni Is apparently distinct in having a dark clypeus 
with a slight silvery prulnescence, and in the absence of silver scales between the eyes. 
The abdominal scaling is similar to H. genurostris. 

Larva. 

The larva has been figured by Barraud (1934, Fig. 12, c-f) and the most obvious 
differential characters are the un branched head hairs, the lateral comb composed of 
from 16-20 teeth more or less arranged In two rows, the anal papillae more pointed 
than rounded, and the three fairly long branches to each of two hair tufts of the 
ventral brush. 

Breeding Habitat \ Leaf axils of a large species of Arum, In association with 
H. genurostris (Barraud, 1934). 

Distribution : India, Sumatra. 

Hakpauomyia hplbndens de Meljere, 

PB Mbijbrh, J. C. H., 1909. — Ti/dschr. Bnt,, 62:167. 

KpWakpm, F. W., 1930.— Bn/l mt. liea,, 21 ; 643, 

Typea : If designated us such, presumably in the “Museum der Kgl. Zoolog. (lesellachaft 
Natura Artis Magistra”, in Amsterdam. 

Type Luvality : Java (listed localities are Batavia and Semarang). 

AfaterHal E;£amined : I have examined a series of adults collected by D. H. Collesa from 
Labuan Island, Borneo, another series collected by K. I* Lehfeldt from the same source, and 
two specimens from Weltevreden, Java. Larval material from Labuan Island was available 
for examination. 

UESORIPTION. 

Adult 

The characters which serve to distinguish this species are as follows: (1). In the 
female the basal two-thirds of the proboscis is dark brown to black, the clypeus is 
cream to light hrown with a silvery-grey pruinescence. The thorax and abdomen are 
darker than in H, genurostris but the ornamentation is similar, (it). In the male the 
basal two-thirds of the proboscis, clypeus and palpi are cream to light brown and the 
scutellum has a covering of silver, flat scales on the mid-lobe. The male, then, cannot 
be distinguished superflcially from some male H. genurostris specimens, and there are 
no obvious dllferences in the genitalia. 

Larva. 

The larva cannot be separated from that of H. genurostris. Those examined differ 
from de Meljere’s original description in that the lateral comb is composed of from 
fifty to sixty scales instead of thirty, and the anal papillae are at least twice as long 
as, instead of being shorter than, the anal segment. 

Breeding Habitat: Larvae were found breeding in the leaf axils of Ootocasia sp. 
on Labuan Island. 

ZB»«Hbwtion; Java and Borneo (Labuan Island). 
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is possible that the specimens examined from Labuan Island are not true 
JHT, splendent but actually a variety of H. penwro^fria In which the basal portion of the 
proboscis is darker than usual. It. does appear to be an intermediate form and some 
specimens cannot be definitely included in either species, provided, of course, that 
if, splendenn is a valid species. The present known distribution of if. genurostrU 
supports tbe above theory in that the presence of if. genurontris in the Netherlands 
Bast Indies has not been recorded, though it occurs both east and west of those islands. 

One female specimen collected by C. Cameron from Merauke, New Guinea, in 194B, 
is very close to H. splendens. The proboscis is dark brown to black In colour, but the 
clypeuB appears to be dark brown with a greyish pruinescence. Further collections 
from that area will possibly throw light on the complexity of the H. genurostris and 

H, splendcns problem. 

Keys to Auhtualasian ani> Oriental Specieh oe Haupaoomyia. 

When an attempt is made to separate the five, possibly six, species of Harpagomyia 
which occur In the Australasian and Oriental Regions, considerable difficulties are 
encountered. 

The examination of the individual species descriptions shows apparent clear-cut and 
obvious differences. Each species, however, shows considerable variation, particularly 
in the larval stage, and intermediate forms are not uncommon when two closely related 
species are studied. It appears that though the genus is extremely specialized, a 
number of new species or subspecies are in the process of evolution but have not been 
isolated for a sufficient period to have reached a static and constant form. By systematic 
and exhaustive collecting over the whole area an interesting problem In geographic 
isolation could possibly be elucidated or the number of species curtailed. 

(a). ADULTS. 

I. Basal two-thirds of proboscis and clypeus yellow, cream or light brown 2 

Basal two-thirds of proboscis and clypeus either yellow to light brown or dark brown 

to black but never with basal half of proboscis and clypeus both yellowish In the 

same specimen 8 

2. Abdomen with apical silvery patches on all tergit.es except the third; eyes separated 

completely by a line of silver scales genurostrU 

Abdomen with apical silvery patches on all tergltes except the third and seventh, 
and only u small silver spot apically on the sixth; eyes separated for only a short 
distance by a projection anteriorly from the patch of silver scales on the 

vertex leei 

8. Basal two-thirds of proboscis dark brown to black; clypeus yellowish splendena 

Basal two-thirds of proboscis yellowish; clypeus dark brown to black 4 

4. Tergltes VI and VII completely dark scaled solo^nonU 

Tergltes VI and VII with patches of silver scales apically jacohsoni 

The above key should be sufficient to determine female specimens of Harpagomyia 
and, except in the case of B, splendens and H. solomonis, will serve to distinguish 
males. Since the validity of the specific status of H. coeruleovittata is in question, it 
has not been included. 


(b). LARVAE. 

1, Lateral comb composed of 16-20 scales arranged in two Irregular rows; head hairs 

A, B and d all single jacoltsoni 

Lateral comb a patch of thirty or more scales: head hairs A, B and d always 
branched 2 

2. Saddle hair with one long branch, and one, occasionally two, much finer and 

shorter splendens^ genurostris 

Saddle hair single, or, if branched, with all branches approximately equal in size 
and length 3 
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3. Saddle hair single or with two equal branches leei 

Saddle hair with three or four equal branches sotomonis 
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REPTILES OCCURRING ABOVE THE WINTER SNOWLINE AT MT, KOSCIUSKO. 

By Stephen J. Copland, B.Sc. 

* 

IKeaU ,10th April, 1947.] 


1. INTHODUCTION, 

This paper was suggested by Dulhuuty’s observations (1947, pp. 292-295) on sub- 
snow temperatures at Mt. Kosciusko, and my short note which he kindly published 
with his work is included and expanded here. 

Dulhunty placed thermometers at different depths In a peat bed and allowed them 
to remain throughout the winter of 1945 to determine the minimum temperatures 
reached at different levels. Results indicated that sub-surface winter temperatures do 
not fall below 32 ‘"P. even at a depth of nine inches below the surface, although 
atmospheric temperature at times approaches zero in autumn before the ground is 
covered with snow and an eauilihrium temperature of 32°F. Is maintained on the 
surface beneath winter snow for about eight months of the year. 

These observations are of particular Interest from the standpoint of low tempera- 
ture tolerance and conditions of hibernation in reptiles. In this note I have restricted 
attention to the six species of lizards and two of snakes — listed bolow— -which are 
non-migratory and undoubtedly live the year round on the high plateau country between 
the height of the Hotel Kosciusko (6,000 feet) and the summit of Mt. Kosciusko 
(7,308 feet). 

All the reptiles are small (except Denifionia superba, and even this snake is much 
larger at lower altitudes) to avail themselves of the advantageous surface-mass ratio 
in absorbing heat. 

There is little doubt that there will be additional records for the reptilian fauna of 
the Mt. Kosciusko high plateau country, but the present list may serve as a basis for 
future work. 


II. List ok Reftilks. 

Amphiboluru b diemenbis ( Gray ) . 

1 (Author's Collection 1600) 1 m. west of the Hotel Kosciusko, 24. i. 1943. 

This lizard was caught while sunning Itself on top of a granite boulder. Three 
specimens are recorded without definite altitudes from Mt. Kosciusko by Loveridge 
(1934, p, 328): one (Museum of Comparative Zodlogy 32965) "taken December 10-14, 
1931, only 130 mm. in total length, holds eggs measuring 14 x 9 mm." 

Tiliqua cabuaeinae casuabinae (Dumdril and Bibron). 

1 (Museum of Comparative Zoology 33260) Daner's Gap, at 5,400 ft. on Mt. 
Kosciusko (R. J. TiUyard), 1931. "The Sklnk was taken in a nest of Myrmecia piloHula.'* 
Loveridge (1984, p. 366). Malcolm Smith (1987, p. 233) referred the genus Omolcpida, 
to which this lizard was formerly attributed, to Tiliqua, 

Eokrnu whitii WHiTii (Lacdpfede). 

2 (A.C, 1647-8) near Chalet, 21.1.1943. 

1 (A.O. 1679) 1*2 m. from Hotel Kosciusko towards summit, 23.1.1943. 

This lizard is rather uncommon at higher altitudes in contrast to Its remarkable 
nambers near the base of the mountains. 
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Sph£nomokphits (jtroTii TYMPANUM (Ldtiiiberg and Anderraon). 

4 (H4654 etc., Aust. Mus.) Mt. Kosciusko, 3,000-7,000 ft., holotype and paratypes 
of LygoHoma (Hinulia) quoyii koaciuitkoi Kinghorn. Kinghorn (1932, p. 359). 

10 (M.C.Z. 33801-10) Mt, Kosciusko (Harvard Exped.) 1931, ‘Taken In Diggers 
Creek at about 5,000 ft. . . , Near the water, sometimes on rocks jutting Into the 
stream. Occasionally takes to the water when pursued, (W.E.S.).” Loveridge (1934, 
p. 360), 

1 (A.C. 1545) 2 m. from summit of Mt, Kosciusko, 21.1.1943. 

1 (A.C. 1552) 3 m. from Betts Camp towards Hotel Kosciusko, 21.1.1948. 

7 (A.C. 1659--66) 4 m. from hotel towards summit, 22.1,1943. 

1 (A.C. 1680) 1-2 m. from hotel towards summit, 28.4.1943. 

12 (A.C, 1683-8, 1602-7) near hotel, 23-24.1.1943. 

The sklnk collected at the highest altitude, No. 1545, was running In wet grass in 
a small stream carrying melting Ice and snow into the Snowy River. Many lisards 
were seen sunning themselves on logs, timber, pipes and stones beside Diggers Creek, 
near the Hotel Kosciusko, or hunting in wet grass beside the stream. They took to the 
water without hesitation, swimming with a quick paddling motion almost as if running 
on the surface. They invariably returned to the place from which they had been 
disturbed, often within a minute. Spheno 7 norphus guoyii tympanum is second only to 
Lciolopiama ent recast eauxii in abundance. 

Lmoi.opisMA ENTBicoASTEAUxii (Dumfirll and Bibron). 

2 (M.C.Z. 33216-7) Mt. Kosciusko at 6,600 ft. (W. E. Schevlll), 1931. Loveridge 
(1984, p. 368). 

14 (M.C.Z. 33218-32) Mt. Kosciusko at 6,400-6,000 ft. (Harvard Exped.), 1931. 
Loveridge (1934, p, 368). 

13 (A.C. 1630-42) near summit of Mt. Kosciusko, about 7,300 ft.. 20.1.1943. 

1 (A.C. 1646) 3 m. from summit, near road, 21.i.l943. 

1 (A.C. 1649) near Chalet, 21.i.l943. 

1 (A.C. 1661) 3 m. from Betts Camp towards Hotel Kosciusko, 21. i. 1943. 

6 (A.C. 1663-8) 4 m. from hotel towards summit, 22.1.1943. 

1 (A.C, 1668) 2*6 m. from hotel towards summit, 22.i.l943. 

9 (A.C. 1569-71, 1678-8) 1*2 m. from hotel towards summit, 22-23.1.1943. 

4 (A.C. 1589-91, 1601) near hotel, 23-24.1.1943. 

2 (A.C. 1698-9) 1*6 m. from hotel towards summit, 24.1,1943. 

Nos, 1630-42 were collected In half an hour within 50 yards of the summit on a 
cold but sunny afternoon. All were active although they were resting under rocks In 
grass and low, thick vegetation. Snow and ice were lying in patches over the grass 
and rock, forming tongues between the clear areas. The remaining lizards were found 
in rather similar circumstances or foraging actively in the grass. Many escaped in 
cracks and Joints of granitic rocks. Leiolopiama entrecasteauxii Is undoubtedly the 
most common reptile over 6,000 feet. 

Hemikkgis I)Kcbkbien81s talbinuoknbis Copland. 

3 (R630, R 522-3, Aust. Mus.) Mt. Kosciusko, 6,000 ft. (R. Helms) v, 1889. 

I made an unsuccessful search for this lizard. The three specimens referred to 
here are discussed by Copland (1946, p. 77 et aZ.). 

Denisonia strpEBBA (GUnther). 

1 (A.C. 1667) 4 m. from Hotel Kosciusko towards summit, 22.1.1943. 

1 (A.C. 1581) 1*2 m. from hotel towards summit, 28.1.1943. 

1 (A.C. 1693) near hotel, 28.1.1948. 

Nos. 1567 and 1681 were found under large stones on wet, grassy hillsides. No. 1598 
was first seen gliding through grass between Diggers Creek and the Hotel Kosciusko^ 
When cornered, It flattened its neck to a surprising extent. The snake is known locally 
as the “Yellow-bellied Black Snake". Loveridge (1934, p. 284) records two specimens, 



BY BWHEN J. COPLAND. 


71 


the larger 798 mm., collected on Mi. Kosciusko by W. E. Schevill in 198^1, but does not 
give the altitude. 


Dknibonia oobonoxdeb (Gttnther). 

4 (M.C.Z, 3281 5“8) below Dead Horse Pass, near the summit of Mt. Kosciusko (P, J. 
Darlington), 1931. Dover idge <1934, p. 285). 

1 <A.C. 1650) 3 m. from Betts Camp towards Hotel Kosciusko, 21.1.1943. 

1 (A.C. 1666) 4 m. from hotel towards summit, 22.1.1943. 

1 (A.C. 1572) 1*2 m. from hotel towards summit, 22.1.1943. 

1 (A.C. 1682) as preceding. 23.1.1943. 

1 (A.C. 1592) near hotel, 23.1.1943. 

Snakes collected on 31st and 22nd January were sluggish when uncovered and for 
some time made no attempt to escape. On the warmer 23rd January, No, 1682, which 
was found gliding through grass, was very active, and No. 1592 was sunning itself on 
a grassy hillside. This pretty little snake is very common. No two specimens agreed 
in ventral colour; d liferent specimens were dark orange, salmon-pink, dirty white with 
posterior half of tail pale pink, yellowish-grey bordered by red, and yellowish becoming 
orange caudad, respectively. 

I have collected Tiliqua nigrolutea Gray, Leiolopuma trilineata (Gray) also noted 
by Loverldge from Mt. Kosciusko (1934, p. 359), L, weehesat^ Kinghorn, and L. guiehenoti 
(Dumdril and Bibron) at elevations somewhat below 6,000 feet and believe It unlikely 
that they extend above tliis height. Amphiholurm muricatuH (Shaw) is noted without 
definite elevation from Mt. Kosciusko by Lover idge (1934, p. 323). 

HI. DISCUSS10T7. 

Less work appears to have been done on the behaviour of reptiles at low tempera^ 
tures with associated problems of hibernation and survival than at critical thermal 
levels. 

Conditions at Mt. Kosciusko must be somewhat similar to those reported by 
Stebbins (1944, pp. 233-246) in part of Lassen Volcanic National Park, California. 
Stebbins says: ‘*The season of activity for the mountain swift at this elevation (6,000 
feet) is quite short . . . estimated tentatively to be between five and six months . . . 
during the winter the area may be covered with from two to four feet of snow, 
exclusive of drifts.*' 

Cowles (1941), in a study of Californian desert reptiles in winter, says (p. 139): 
"A study of the hibernation preferences of 96 specimens of 14 species shows that most 
prefer shallow retreats, the majority lying at less than 13", but with extremes ranging 
from just below the surface of the ground, where they are sometimes exposed to 
freezing temperatures, to a possible extreme depth of 30", where the temperatures are 
relatively equable’* ; (p. 140) “at 6" deep . . . 4”C. or In exceptional years even lower . . . 
probable range of temperature during hibernation between 0® and 20°**; (fi. 137) “It 
is probable that Individuals and species which select shallow hibernating places 
frequently undergo far greater ranges of temperature than those indicated here . . . 
In the course of an ordinary winter night, temperatures frequently fall* below 0°C., 
while in exceptional seasons the temperatures may fall as low as ”10‘5°C.“ 

Cowles and Bogert (1944, p. 294) noted that reptiles living in a Californian 
environment with great extremes of temperature were not voluntarily active below 
16°C., and (1944, p. 279) that the lizard DipBOsaurm dor$taliB dorsalis exposed to a 
temperature slightly below 8°C. was torpid and remained helpless up to 14 °C., not 
walking with well-co-ordinated movements until the temperature was raised to 24 °C. 

These observations, although made under widely different conditions, indicate that 
reptiles seek a considerable cover to avoid freezing temperatures at the surface. 
Dulhunty*s experiment (1947), made at an elevation of 6,200 feet, which must be 
regarded as typical of the high plateau covered by snow for eight or nine months of 
the year, shows that the minimum winter temperature a foot below the surface is 
sUghtty more than 2® F. above freezing-point, so that hibernating reptiles at this 
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depth have at no time to undergo the risk of formation of iee crystalB tn the body» and 
almost certain death. This freezing would not occur even at 32 because of the 
essential presence In the body fluids of substances which lower the freezing-point. 
Mount Kosciusko reptiles almost certainly hibernate between depths of nine Inches 
and three feet, where, as shown by Dulhunty, they would have a margin of from 
2®F. to 4’5'’F, above freezing-point. Although the minimum temperatures of 34 ‘'F. and 
36-6 ‘'F. recorded at these two depths must occur for only part of the winter, it seems 
certain that they are approached over most of the season, the temperature of 82® F. 
being rapidly established at the ground surface. A margin above freezing-point is 
therefore essential because, while reptiles can successfully endure temperatures below 
this point for some time, exposure for months to freezing conditions could only be 
expected to cause death from chilling with formation of ice crystals in the body, 
increased viscosity of body fluids, checked metabolism, and other disadvantageous 
physical and chemical changes. Dulhunty gives the average depth of soil on the 
slopes and hillsides as six to eighteen Inches, but undoubtedly deeper soil would be 
available In patches if sought by reptiles for hibernation purposes. The snow cover 
serves an essential purpose in preventing much water from circulating through the 
dark humus-laden or peat-llke soil and thus increasing conductivity. 

It may be of interest to note htere that amphibians may show great tolerance to 
cold. McClure (1948, pp. 265“*6) gives a remarkable account of great numbers of the 
salamander Arnhynioma tigrinum migrating over snow to White Water Lake, Nebraska, 
at temperatures just below or just above freezing-point. 
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THE INFLUENCE OF MOLYBDENUM AND VANADIUM ON NITROGEN FIXATION 
BY ChOBTRJDWM BVTYRIOUM AND RELATED ORGANISMS. 

By H. L. JKNSfiin, Macleay Bacteriologist to the Society, and Donald Spenogb, B.Sc. 
{From the Department of Bacterioloffy, University of Sydney,) 

(Plate vli.) 

tKead 2eth March, 3 047.] 


INTBODUOTION. 

The fixation of elementary nitrogen by Azotohacter is strongly accelerated by small 
quantities of molybdenum, as shown by Bortels (1930, 1936), Birch-Hirschfeld (1932), 
Kluyver and van Reenen (1938), Burk and Horner (1985), and Horner et al, (1942). 
By means of a manometric technique, Burk and Horner (1935) were able to detect a 
stimulating effect of molybdenum in a concentration as minute as 10^^ molar, or about 
0*001 microgram per litre of medium. Molybdenum acts as a specific catalyst and can 
be replaced only by vanadium which at optimal concentration shows an effect of about 
one-half to two-thirds of that of molybdenum (Bortels, 1933, 1936; Burk and Horner, 
1986; Horner et al,, 1942). Burk and Horner (1935) tested 22 other elements, mostly 
heavy metals, with negative results, and Bortels (1986) more than 40 (not specified). 
A stimulating effect of tungsten has sometimes been reported, but this was shown by 
Horner et al, (1942) to be spurious and due to the difficulty of separating tungsten 
and molybdenum completely. Earlier findings of stimulation of Azotohacter by other 
elements, such as manganese, titanium, thorium, uranium, etc., may probably be reduced 
to a similar cause. 

Th& evidence is somewhat less clear-cut as regards the assimilation of combined 
nitrogen by Azotohacter, Birch-Hirschfeld (1932) found no Influence of molybdenum 
on growth with nitrate. Burk and Horner (1935) made the same statement, but 
found a small acceleration of growth with ammonia, and a still smaller one with urea. 
Bortels (1936), ou the other hand, found that molybdenum promoted the uptake of 
nitrate and permitted the fixation of nitrogen in the presence of nitrate, ammonia and 
asparagin. Horner and Allison (1944) confirmed this for nitrate and asparagin. Results 
found by Wilson et al (1943) suggest that this discrepancy may be explained through 
previous adaptation of Azotobacter to nitrate. 

There seems to be only one positive observation on record regarding the Influence 
of molybdenum on the anaerobic nitrogen-fixing bacteria: Clostridium butyricum and 
related species. Bortels (1936) found in a single experiment with a pure culture of 
these organisms that the gains of nitrogen were increased some 2 to 21 times by 
mnall doses of molybdenum and vanadium. Much earlier, Krzemleniewskl (1908) had 
stated that humic acid stimulates nitrogen fixation by butyric acid bacilli as well as 
Azotobacter, In which the effect of humic acid has later been found to be chiefly due 
to molybdenum. Since there le some evidence that the Clostridia may, by virtue of 
their wider distribution and usually greater abundance in natural habitats, equal or 
exceed the more efficient but less numerous Azotobacter as agents of biological nitrogen 
fixation, we have subjected this problem to a more detailed investigation. 

The nutrition and especially the nitrogen fixation process of Cl butyricum present 
Mveral obscure aspects. Unlike Asofoboofcr, which can synthesize all its organic 
growth-factors, the Clostridia demand certain preformed growth-compounds. No 
gystttmatic study of the reguirmenta of Ql butyricum appears to have been undertaken. 
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For the closely related Cl acetobutylicum, of which some strains are also able to fix 
nitrogen (McCoy et al, 1928), the essential accessory factors for growth in a synthetic 
medium with ammonia* or aml&o*nitrogen have been shown by Oxford et at. (1940), 
Rubbo et al (1941) and lumpen and Peterson (1943) to be biotin and p*aminobensoic 
acid. Lampen and Peterson found a strain of Cl butyricum that grew well with biotin 
as the only growth-compound. Woolley et al (1939) studied an unidentified growth- 
factor, probably a mixture of biotin and p-aminobensolc acid, which supported growth 
of Cl aoetobutylicu^n and two strains of Cl butyricum, but not of a third strain of the 
pasteurianum-type, probably identical with the one received by us (cf., below). 

The need of nitrogen-fixing Clostridia tor organic growth-compounds thus appears 
clearly established, but the medium for nitrogen fixation experiments has nearly 
always been some modification of the synthetic and, if pure, growth-compound-free 
glucose solution used by Winogradsky (1895). Growth In such a medium may occur 
only if a sufficient amount of growth-compounds is carried over with the inoculum, and 
the slse of this is rarely stated. Bredemann (1909b), for instance, used 10 ml. of 
culture fluid per litre of medium, and McCoy et al (1928) state that as inocula they 
used ''measured amounts of 24 hour com mash cultures"; the amounts were not 
specified, and the authors make the significant remark that inocula from previous 
cultures in Winogradsky's or other synthetic media were weak and uncertain. An 
inoculum large enough to contain sufficient growth-compounds for the subculture would 
be quite likely also to provide an adequate supply of molybdenum. This was apparently 
not the case in the experiment of Bortels (1936), who states that the mother-culture 
was grown in molybdenum-free medium, but it may explain the negative result of an 
earlier tentative experiment by one of us (Jensen, 1941). in which it was found 
necessary to use an inoculum of several drops of glucose broth culture per 50 ml. 
solution in order to start growth. 

The quantity of nitrogen fixed by Cl butyricum, especially the pasteurianum^type, 
has usually been found to vary between 1 and 3 mgm. per gm. fermented sugar 
(Winogradsky, 1896; Pringshelm, 1908; Bredemann, 19090; Lantech, 1921; McCoy et ol., 
1928; Willis, 1934; SJolander and McCoy, 1937). Higher yields have rarely been 
observed. Bredemann (19096) found occasional gains up to 8 mgm.; McCoy et al (1928) 
showed that the slowly-fermenting strains of the aaccharobutyricum-type could fix 
from 4-3 to 7 mgm. nitrogen per gm. sugar, and Kostytchev (1924) mentions 4i yield 
of 12’6 mgm. In associated cultures of Clostridia and cellulose-decomposing bacteria 
the yield of fixed nitrogen has repeatedly been found to reach 7 to 10 mgm. per gm. 
cellulose lost (Pringshelm, 1910; Jensen, 1941). 

It is probable that the strongest nitrogen fixation may occur if the medium contains 
adequate supplies of organic growth-compounds and of molybdenum but a minimum of 
available nitrogen which tends to Inhibit fixation, as shown by Winogradsky (1896) 
and Omeliansky (1916). Therefore, we have endeavoured to develop a medium deficient 
In molybdenum and nitrogen while providing the organic growth-factors needed by 
Cl. bHij/ricttm. 


Bxps:bihe;ntai.. 

Methods and Orpanis»i«.— Eight freshly Isolated strains of 01 butyricum were 
tested; four of these (Nos. 1, 8, 6a and 66) were Isolated from soil, three (Nos. 7a, 
7b and 8) from garden compost, and one (No. 5) from flax straw. Enrichment cultures 
were made by inoculation of Winogradsky's solution with soil or compost suspension 
or liquid from retting flax, and incubation at 30*'C. after pasteorlsatlon for 5 to 10 
minutes at SC'C. When gas evolution appeared and typical Clostridia were seen by 
microscopic examination (sometimes after two or three transfers in the same medium), 
subcultures were made In potato-medium (test-tubes with 12-16 ml. tap water, a two- 
inch deep layer of small pieces of peeled potatoes, and some calcium carbonate). These 
cultures always showed vigorous fermentation, smelt of butyric acid, and showed an 
abundance of Clostridia staining blue with Iodine after 24 hours at 30*' or 87 
Pasteurisation was then repeated, and plate cultures were made on gluqose agar with 
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lucerne-root-extract and incubated in hydrogen atmosphere in an anaerobic jar at 
30 ""O. Isolated colonies of microscopically pure appearance were transferred to tubes 
of potato medium which supported good growth of the pure cultures In atmospheric aJkr 
If the medium was boiled and cooled immediately before inoculation. The same 
medium, sometimes with addition of a small quantity of soil, was used for maintenance 
of the cultures. The purity of these was tested by cultivation aerobically in nutrient 
broth, in glucose-peptone solution, and on plates of nutrient agar; slopes of fresh 
glucose agar often showed growth of the Clostridia in the condensation-water, as alss 
observed by Bredemann (1909&). 

Besides these fresh Isolates we have tested a strain of the pasteurianum-ty^ 
(originally isolated by Winogradsky) from the Department of Agricultural Bacteriology, 
University of Madison. U.S.A., and a strain of Cl. acetohutylicum from the Department 
of Bacteriology, University of Melbourne. These two strains are in the following 
tables called **W" and "‘B’*, respectively. 

Morphologically, all strains showed the typical appearance: big rods with rounded 
ends, mostly single or in pairs, rarely In chains of 3 or 4 cells, actively motile, Grasa- 
positive when young but rapidly becoming Gram-negative, and developing Into typical 
spindle-shaped Clostridia that stain blue with iodine and contain oval, subtermlnal 
endospores. The vegetative cells measured 0*5“1*2 x 2-8 m, sometimes up to lOg long 
and 2-6g thick in the clostridium-stage, and the endospores V0-V2 x In some 

strains, for instance, Nos. 1 and 3, the cells were predominantly long and slender, 1 b 
N o. 5 short and thick, almost lemon-shaped In the clostridium-stage. 

The fermentation reactions of the strains were tested towards some of the 
compounds most likely to distinguish between the different types of butyric acid bacilli 
according to McCoy et al. (1930). The medium was Winogradsky’s solution (see below) 
with 0‘2% ammonium lactate, 0*2% potato-extract-concentrate, and 1*0% carhon con^ 
pound, but no calcium carbonate. Test-tube cultures incubated four days at 35 ®C. in 
hydrogen atmosphere showed the following reactions: 
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Strains 1, 5, 6a, 6 ft and 8 appear to represent the starch-fermenting saccharo- 
butyrieum-type and strains 7o and 7b the pasteurianum-type, of which strain W is the 
prototype, while strain 3 seems to represent an atypical form (McCoy et al. (1930) found 
only one strain among 35 unable to ferment mannlte. In another series of Inveatigatlons, 
Sjoiander and McCoy (1937) found 5 out of 20 strains unable to ferment mannlte. but 
these all fermented starch.) It also differs from the others in causing a vigorous 
reduction of nitrate (0-2% NaNO» in Winogradsky’s solution, incubated in hydrogen 
atmosphere) to ammonia with formation of small amounts of nitrite, probably as 
an intermediate product. 

The basal medium for the nitrogen-fixation experiments was a modification of 
Winogradsky’s solution: glucose 20*0 gm„ KaHPO* 0-6 gm., KHaP 04 (sometimes omitted) 
0*6 gm., Mg804 O'l gm., NaCl 0*1 gm„ FeS 04 0*01 gm., MnSOi 0*01 gm. (this was found 
unnecessary and was often omitted), CaCOs 4*0 or 6*0 gm., distilled water 1,000 ml. 
The amount of calcium carbonate was reduced from 30 gm., as used by Winogradsky 
and most others, in order to minimize the amounts of molybdenum and other trace 
element impurities that might be introduced with it. The chemicals were of ordinary 
analytical purity. 

Borne difficulty was at first experienced in obtaining growth with small inocttla. 
Mren In solution with combined nitrogen, biotin and p-aminobensolc acid (the medium 
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of Lampen and Peterson, 1943), growth from an inoeulum of 0*01 ml. potato^mediuni 
culture per 10 ml. solution took place only irregularly and after a long lag period. 
In this connection It is noteworthy that Rubbo et al. (1941) and liUmpen and Peterson 
(1943) used inocula of about 0*1 ml. per 6 or 10 ml. of medium, and that Oxford et ol. 
(1940) found the growth of Ot. acetohutylicum in synthetic solution with biotin and 
an unknown growth-factor (probably p-aminobenzoic acid) accelerated by small 
additional amounts of cysteln, valln and methionin. On the other hand, prompt and 
vigorous growth within 24 hours at 37 ®C. was obtained when potato extract was added 
to the medium, and the same effect was shown by a potato-extract-concentrate from 
which most of the nitrogenous and mineral constituents had been removed, and 
which was prepared as follows: 

Five hundred gm. of peeled and finely-chopped potatoes were heated for 3 to 4 hours 
in the steamer with one litre of tap water; the liquid was strained off. and the residue 
was washed with hot water to make one litre of extract, which was filtered on the Buchner 
funnel to remove the suspended solid matter. The clear extract was concentrated to 
about 60 ml. by evaporation on the water-bath, 600 ml. ethyl alcohol were added, the 
mixture was allowed to stand for at least 24 hours, and the voluminous precipitate 
was removed by filtration. The alcohol was now distilled off and the extract was 
finally brought to a volume of 60 ml., sterilized by autoclaving, and stored at refrigerator 
temperature. Two batches of extract were used In the course of the work, in the 
following called G.F.l and O.r.2; the second had a somewhat higher nitrogen and 
growth-factor content than the first 

For the nitrogen-fixation experiments, 0-2 to 0*6% G.F.-solution was added to the 
glucose solution, together with one 7 of pure biotin (from LiUey Co.) per litre, 
and a similar quantity of p-amlnobenzoic acid. This basal medium was highly deficient 
in available molybdenum and vanadium, as shown by several tests with a vigorously 
nitrogen-fixing strain of Azotohaoier cHroococcum. Table 1 gives the results; especially 
0.F.2 appears almost devoid of molybdenum and vanadium, which seem to be carHed 
down almost quantitatively In the alcohol-precipitate. 


Table l. 

of Aaobjbactnr chruwoccum to M^vhdenum and Vanadium added to Winogradtkp'B Solution. 


KkP. 

No. 

Medium and luoubation. 

Mgm. N per 
Culture. 
a, b. 

Gain of N, 
nigun 
a. b. 

1 

1 

40 ml. solution, 0-2% G.F.l. Initial N-coutent, 0-48 mgm. 
Inc. 7 d. 80" C. 

CulturcH Iti : Boonl medium (control) 

1‘50- 1*63 

1 * 11 - 1 16 


Po. + 10 p.p.ni. Na«Mo 04 

11*67-11 95 

11 00-11*47 

■ ;■ ' 

l>o.+10 „ NH 4 VO, 

8 * 88 - 8*46 

7*00- 7*98 

IT 

25 ml. solution, 0-5% O.F.I. Initial N -content, O-SZ mgm, 
Inc. 8 d. 30" C. 

Culttu-es in : Basal medium (control) 

1*11- 1*63 

0-70- 1*21 


Bo. + 1*4 p.p.m. VOSO* 

301 - 4*10 

8*60- 3*78 

III 

26 nU. HoluUon, 0*4% G.F.2. Initial N-oontent, 0-70 mgm. 
Inc. 7 d. 80“ C, 

Cultures In : Basal medium (contirol) 

0*84-0*86 

0*14-0*16 


Do , +10 p.p.m. VOSO 4 

4*80 

3*60 

TV 

20 ml, solution with and witliout 0*2% G.F.2. Inc, lOd. 
22-26“ C. Initial N-oontent, -G.F., 0*16 mgm., +aF., 
0*44 mgm. 

Cnltum in : Basal mmiluin -“G.F. 

0 26- 0 - 2 » 

O il- 0-U 


Do. +4*6 p.p.m. Mo .. 

2*78 

2*58 


Basal medium +G.F. 

0 62- 0-66 

0 08- 0*12 


Do. +0 002 p.p.m. Mo 

1*67 

1*28 


Do. +4-6 „ Mo j 

2*87 

. 1 

2*4$ 

1 
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The medium wae used In portions of 50 ml. in 100-c.c. round flasks or Brlenmeyer 
flasks ot Fyrex glass* which before use were cleaned with a hot solution of potassiuns 
bichromate and sulphuric acid, thoroughly washed, and boiled in distilled water; 
Inconsistent results with the molybdenum-free basal medium were sometimes found 
if this cleansing was omitted. Molybdenum was added as sodium molybdate, vanadium 
as ammonium vanadate (NH 4 VO,) or vanadyl sulphate (VOSO 4 ). The inoculum con- 
sisted of one or two drops of a vigorously fermenting 24-hour8 culture in potato-medium. 
Growth usually appeared within two days, whereas smaller Inocula either showed a long 
lag period or failed to grow altogether. Very little available molybdenum and vanadium 
was carried over with the inoculum, as shown by an assay with Azotobacter: 

Duplicate 26-ml. portions of Winogradsky's solution, without potato-extract, and 
with sucrose instead of glucose, were given additions of 2, 5 and 10 drops of potato- 
culture of strain W, sterilised, Inoculated with Az. chroocoocum, and incubated 10 days 
at 30~32'’C. Nitrogen determinations showed the following results: 

Nitrogen FUmI. 

Addition to Modium. Mgm. 

a b 


Nil (control) 

2 dropiii of Clostridium-cwMvLTVi , . 

6 „ ,, „ 


0-28 

0-28 

0 - .^4 
0 43 
0 34 

10 „ „ „ 


0 

0 »7 

10 p.p.m. Na^MoO, (0 12 mRin. Mo per culture) 


4*20 

4-80 


The cultures of Clostridia were incubated in big vacuum desiccators or anaerobic 
Jars with an atmosphere of nitrogen gas that bad flrst been passed through alkaline 
pyrogallol. The temperature of incubation was normally SO^’C.; in a few instances, 
fluctuations in the temperature of the incubation-room caused rises to 32-35° C., which 
did not appear to make any difference to the results. Duplicate flasks analysed 
immediately after inoculation served as controls showing the initial nitrogen-content 
Uninoculated flasks sometimes showed a small but definite loss of nitrogen during 
incubation (cf., Lbhnis, 1930), and also occasional cultures that failed to grow 
(Table 5, II-III); therefore the initial nitrogen-con lent was subtracted from that of 
the incubated cultures to give the net gain of nitrogen. This was determined by the 
KJeldahl method, with selenium as a catalyst; N/28 sulphuric acid and sodium 
hydroxide, with methyl red and methylen blue as indicator, were used for the titration. 
In some cases an aliquot of the culture was taken for determination of residual glucose 
by the method of Lane and Eynon, adapted for small quantities by Colo. All subsequent 
data, unless otherwise stated, refer to 60 ml. of medium (1 gm. of glucose). 

The Effect of Molybdenum and Vanadium- on Nitrogen fixation by Various Birains . — 
The data collected in Table 2 show that all the strains are able to fix small quantities of 
nitrogen In the basal medium, but the gains are strongly increased, mostly three- to 
sixfold, by the addition of 6 or 10 parts per million of sodium molybdate. The upper 
and lower limits of fixation by the nine strains of Cl. butyricum are: 



*Mo 

tMo 

l.owost gain, nism. N 

0 08 

1*63 

Hishe»t „ .. „ 

0-96 

306 

Maon „ 

0‘48 

2 ‘70 


Cl. acteobutyticum Axes rather less nitrogen, as also found by McCoy et al (1928), 
but the stimulating effect of molybdenum is very marked. 

Vanadium, either as sulphate or as vanadate, has no influence on strains 1 , 8 , 5, 8 
(probably), and Cl acetobutylicum, but gives considerable stimulation of the others. 
In strains 6 a and 6 & it even appears equal to molybdenum, while in 7tt, 7b and W its 
effect is about one-half to two-thirds of that of molybdenum, as in Azotobaoter. The 
beneficial effect of the two elements became apparent at an early stage of growth, by 
Increased gas formation and turbidity. Plate vil shows the appearance of some typical 
cultures. The results thus confirm the finding of Bortels (1936), except that not all 
Strains respond to vanadium. 
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TaBLS £, 

NUrogm FixaHon bw Variom S&iUh$ of Cl. butyilcum md Cl. 


««F. No. 

Modluffi amt Inoubatlon. 

Mgm, N per 
Culture. 
a. ft. 

Gain of N, 
ingm. 
a. ft. 

I 

Sirain l.--0-6% G.F.l. Ino. 14 d. S 0 “ C. Initial N-cont«nt, 
0 * 8 <) nifrna. 

Cultures In : Baaal modiuni (control) 

1 ) 0 . + 10 p.p.m. Na,MoO« 

0 * 8 »- 0 -»H 

3 .31-3 -99 

0- 08-0 12 

2 61-3 19 

II 

lAmin 3. — As (1). 

Cultures in : Basal medium (control) 

Do. HO p.p.m. NaiMoO, 

0-86-0-89 

3-70-8-88 

008-0-09 

2-90-3-08 

nt 

Strain 3.— 0 2% a.F.2. Inc. 11 d. ao*' C. Initial N-coiit«nt, 

0 06 mgm. 

Cultures in : Basal medium (control) 

J>o. + 6 p.p.m. Na,Mo 04 

1)0. +5 V080* 

1-ia-l *23 

3 02-3 04 

1 15-1-23 

0-17-0-27 
2-06-2 -08 
0-19-0 27 

IV 

S(foi« I.--0-4% G.F.l. Inc. 14 d. : 10 ” C. Initial N-content, 

0 -04 m(rm. 

Cultures in ; Basal medium (control) 

Do. +10 p.p.m. NatMoO, 

Do. +16 „ voao. 

Do. -HO „ Na,WO,* 

0-97-1 -08 
3-84 

1 12 

2-98-3-50 

0-33-0 39 
3-20 

0-48 

2 34-2 92 

V 

5^rain 1.— 0*4% G.F.2. Inc. 14 d. 30* C. Initial N-cont(mt, 
1-72 mgm. 

Cultures In : Basal medium (control) 

Do, f 10 p.p.m. NatMoO^ 

Do. + 4 ,» NH 4 VO, 

1-95-1-95 

3 36-8-40 

2 04-2-06 

0-23-0-23 
1*64-1 *68 
0-82-0-33 

VT 

(Srrain 6 . — 0-2% G.F.l. Inc. 14 d. 37“ C. Initial N-contont, 

0 64 mgm. 

Cultures In : Basal medium (control) 

Do. + 10 p.p.m. Na,Mo 04 

Do. HO VOSO 4 

1-83-1-60 

3-53-4-49 

1-28-1-28 

0-79-0-96 
2-99-3-96 
0-69-0 74 

vn 

1 

Strain 6 . --0 4% G.F.2. Inc. 14 d. 30*0, Initial N-content. 
1-72 mfrm. 

Cultures In : Basal mcMlIum (control) 

Do, + 1 0 p.p.m. NntMoO* 

Do.+ 4 „ NH,VO, 

1 -95-2-04 
3-26-3-03 
1-94-2-48 

0- 23-0-32 

1- 53-1-91 

0 22-0-76 

VllI 

6 a ,— 0 4% G.F.l. Inc. 14 d. 30" C. Initial N-oontent, 
0-75 m^n. 

Cultures In : Basal medium (control) 

Do. +10 p.p.m. Na,MoO 

Do. 4 10 VOSO 4 

1- 17-1-38 

2- 55-2 78 
2-60-3-16 

0 42-0 63 
180-1*98 
1-75-2-41 

IX 

i 

sirain 6 fr.— As VIII. 

Cultures In : Basal medium (control) 

Do. +10 p.p.m. NaiRfoO* 

Do. HO „ VO 8 O 4 

1- 27-1 -30 

2 6 M 28 

2- 61-2-74 

0 - 62-O'66 
1*77-2-60 

1- 86-1 -OB 

X 

Strain 7o.— 0-2% 0,F.2. Inc. 12 d. 80“ C. Initial N-content. 

0 -96 mgm. 

Cultures in : Basa Imedium (control) 

Do. t 6 p.p.m. Ka,N[oO« 

Do,+ 6 „ VOSO 4 

1'32H'U 
4-02-4-46 
3-09-3 17 

0-36-0-48 

3*06-3*50 

2 *13-2 21 

XI 

Xtro4n 7ft.— As X. 

Cultures in ; Basal medium (control) 

Do.+ 6 p.p.m. NafeMoOt 

Do,+ 5 VOSO 4 

1-60-1*68 

3-84-4-49 

2*60-2-00 

0-64-0*62 

2*98-3*63 

1*64-1*94 


*Cf. T»ble 5. 
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TABtV 2.^onHnusd. 

KUro{/*n FixaHwt bu Variotu Strain* of Ch butyHouin and 01. iMjetobutyllmiin. 


Bxp. No. 

Medium ami Incubation. 

Mgm. N per 
Culture, 
a. b. 

Gain of N. 
ingin. 
a. b. 

XII 

Strain H. — A« X and XI. 




CulUm-H ill HaHul riHHiium (cmitrol) 

1 MMloat) 

U 54 


Do. 4 fi p.p.m. NUtMoO, 

3 01-3 *6.3 

2 *65-2 *67 


Do. 1 r> VOHO 4 

1 

0 65 1 17 

XUI 

jS(raIn W. — (1-4% G.F.i. Tuc. 14 d. au" ( ■. Initial N-contcnt, 

0 A4 iimu). 

CultnreM in : HaMul medium (control) 

1 • lOM :ip 

0-55-0 75 


IK), f 10 p.p.m. Na^MoD, 

4 31- 4 44 

2 -07-2 ‘80 


1 ) 0.4 4 NH*V<), 

2 HU :M 0 

2 *25-2 -55 

XIV 

Strain IV. -0 4% O.K.2. inc. 12 d. :I0“ C. Initial N-cont(^nt, 

1 72 inKin. 

OulturcM in : liaftul medium (control) 

2 47- 2 57 

0 75-0 85 


Do. flO p.p.m. NiijMoO* 

5 m (>4‘30)* 

2*58-(>2*68) 


1 ) 0 . 4 5 „ Y0»0 

2 32-2 -42 

1-00-1*70 

XV 

Cl. cu^eMtutufinim (B), 0 2% 0,^.2. Inc. 12 d. 32-25" C. 

Initial N-content, 105 mgm. 

CulturcH in : Banal iiiiKilum (control) 

1 25~1 20 

0 20-0-25 


Do. -MO p.p.m. Na,MoOt 

2-52-204 

1 48-1 ‘50 


Do. MO .. VOSO, 

1 * 2 ( 1-1 28 

(» 21-0 2 ;j 


• S{>m« of the antiiuniiu wjih hwt <hirinu the dintillatlon. 


A few additional tests were made with a strain of Aero&aciHws polymyxa, usually 
regarded as Identical witii Bac, astcrosportis, which Bredemann (1909a) found able to 
fix nitrogen. No fixation could be detected in our cultures, either aerobically or in 
nitrogen-atmosphere, although some growth took plact*. It is possible that nitrogen- 
fixing power might be restored by soil passage as found by Bredemann. 

Residual glucose was determined In some of the cultures and the gains of nitrogen 
calculated per gm. of sugar that had disappeared. These results are shown in Table 3, 
and agree with the current statement that the Clostridia mostly fix from one to three 
mgm. nitrogen per gm. consumed sugar; Indeed the higher of these values is only 
reached or exceeded where molybdenum is added. The same is the case in several 
other experiments (Table 2, VI, X, XI, XIII, XIV; Table 4, III), where the fixation 
ranges between 8 and 4 mgm. per 50 ml. with 1 gm. glucose. 

It is possible, however, that the yields of nitrogen are really higher than they 
appear, particularly in the molybdenum-deficient media, since some of the consumed 
sugar Is probably not used for nitrogen fixation but for growth with the combined 
nitrogen that the potato-extract contains. It was shown that this nitrogen la available 
for growth and fermentation, by cultivating two strains for 12 days at 30''C. in a 
hydrogen atmosphere and in a solution containing 1*0% glucose, 0*2% G.F.2, and 10 p.p.m. 
sodium molybdate. The result was as follows: 


Mgm. gluooae conaumed per BO ml. medium — 

Strain 1. 

—Mo 4 Mo 

Strain 3. 
-Mo 4 Mo 

a 

.,144 

158 

158 

200 

b 

..146 

104 

171 

300 


It is noteworthy that the sugar consumption by one of the strains Is nearly doubled 
by the addition of molybdenum, although, of course, no nitrogen was fixed (initial 
nitrogen-content 1*00 mgm., after incubation 0*96-M0 mgm.), A correction for this 
effect of the combined nitrogen would obviously make the economy of nitrogen fixation 
appear higher, especially in the absence of molybdenum, hut It Is uncertain whether 
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TABIS 3. 

OtmaumpUon of Olucote and FixaUm of Niiiraam ptr Qmm of Oluooto eonnmod. (Of.^ TaiU £.) 



Oontrot. 

+Mo. 

+ V, 

Strain and Sxp. 

No. 

GIucom 

Consumed, 

nigm. 

N Fixed, 
tusm. 

Gluootte 

Consumed, 

mgm. 

N Fixed, 
tngin. 

Gluooee 

Consumed, 

mgm. 

N Fixed, 
mgiu. 

1, Bxp. 1— 







a. 

170 

0-6 

649 

3-9 

— 

— 

b 

Ud . 

0-8 

627 

51 


— 

iSlemtn 3, Bxp. U— 







0, 

170 

05 

676 

4 3 


— 

b. 

UO 

0 6 

710 

4-3 

— 

— 

Strain 3, Hxp. Ill — 







a. 

U8 

11 

742 

2*8 

176 

1*1. 

b 

170 

16 

718 

2*0 

198 

1*4 

Strain 7a, Bxp, X— 







a. 

323 

11 

007 

8 1 

097 

2*2 

b 

600 

0 9 

907 

1 

3-5 

007 

22 

Strain 76, Bxp, XI— 



1 




a. 

281 

10 

097 

30 

907 

1*6 

b 

313 

2 0 

907 

3 5 

007 

1*0 

Strain d, Bxp. XH— • 







a. 

227 

2 4 

907 

2*7 

316 

1*7 

6 


*”■ 

097 

2*7 

404 

2*4 

01, oetMnavlicuntt Bxp. XV — 







a. 

334 

0-6 

815 

2*0 

378 

0 6 

b, 

365 

0 6 

840 

1-8 

862 

0*6 


the amount of augar used up In this way is the same in a hydrogen atmosphere and 
where nitrogen gas is available for fixation. 

Winogradsky (1895), Pringsheim (1808) and Omeliansky (1916) observed that the 
yield of nitrogen fixed per gm. fermented sugar increased yrith decreasing glucose 
concentration of the medium, A test was performed with strain W in order to ascertain 
if this also applies when an adequate supply of molybdenum is given. The medium 
contained 0*4% O.F.2, 10 p.p.m. sodium molybdate, and four concentrations of glucose, 
and had an Initial nitrogen content of 1*40 mgm. The following results were found 


incubation for 14 days at 88“85®C.: 

per cent, gluooHe In medium 

0 6 

10 

2*0 

8*0 

Gain of nitrogen, mgm. — 

a 

1 52 

2 87 

3*53 

3*03 

b 

1*48 

2 22 

3*43 

3*00 

Conauraption of glucoac, mgm.— 

a 

278 

480 

926 

1,060 

b 

278 

480 

026 

1,052 

Mgm. nitrogen fixed per gm. glucoe^} 
conssnmod— 

a 

6 5 

4*0 

3*8 

8*7 

b 

6*3 

4*6 

8*7 

3-8 


There is a clear indication that the lower concentrations of sugar are used more 
economically. The apparent difference is not very great, but here again some glucose 
has doubtless been used at the expense of the combined nitrogen, and since the amount 
of this was constant, a correction would particularly Increase the yiebis of nitrogen 
with the lower sugar concentrations. Phenomena of this kind might eaqilain the high 
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economy of nitrogen fixation in associated cultures of cloetrldla and cellulose-decom- 
posing bacteria* where the concentration of sugar produced from the cellulose is kept 
at a low level by the Clostridia and the available nitrogen-compounds removed by the 
oellulose-decomposers. 

The JSlft^ctive Range of Concentration of Molybdenum and Yanadium* — In the 
previous experiments the concentrations of molybdenum corresponded to 2*38"4'66 p.p.m.* 
and those of vanadium to 0*4 7-3' 18 p.p.m. These amounts are very large in comparison 
with those sufGicient for Azotobacter^ and the effect of varying concentrations was tested 
next. A preliminary experiment with strain 3 showed practically the same gains of 
nitrogen at concentrations of molybdenum ranging from 0*01 to 5*0 p.p.m.* but this 
experiment was vitiated by an abnormally strong fixation in one of the control cultures. 
The results of the main experiments are seen in Table 4. 


Table 4. 

EfftKiim Ranae of Coi^cmtrtUion of Moiybdmwn and Vaiutdiim, 


Bxp. 

No. 

Strain, Medium and Incubation. 

Mgnj. N per 

(7\lltUTC. 
a, b. 

Gain of N, 
mgm. 
a. h. 

I 

Strain 3.— 0 4% (LF.i. Initial N-contcnt, 0*84 mgm. Inc. 




14 d. 30-^32* C. 




Oaltiires In : Boaal medium (control) 

1-81-1 *84 

0-47-0-50 


Do. +0 00002 p.p.m. Mo 

0 97-M6 

0-13-0-81 


Do. + 0'(i00l Mo 

1 20-1*23 

0*86-0*39 


Do. +0- 0005 „ Mo 

1-49-1*75 

0*65-0-ei 


Do. + 0*002 „ Mo 

1* 75-2*06 

0-91-1-21 


Do. +0 01 M Mo 

aiB-s^o 

2*34-2-36 

11 

Strain W. — 0*25% G.F.2. Initial N-content, 1*47 mgm. Inc. 




14 d. 80-3.')'' C. 




Cultures In : Basal medium (control) 

2*00-2*03 

0-56-0-67 


Do. +0* 0001 p.p.m. Mo 

J 75-2-48 

0-28-1*01 


Do. +0*0006 „ Mo 

2 ‘05-2 *26 

0*58-0*78 


Do. -10 •002 Mo 

2*61-2 65 

114-1-19 


1)0, +001 „ Mo 

3 *66-4 *15 

2-18-2-68 


Do. +0 1 », Mo 

4*2.3-4*43 

2*70-2 96 


Do. + 1*0 „ Mo 

4 32-4*40 

2 86-2 93 

m 

Strain W.--0 %% G.F.2. initial N-contont. l*(K) mgm. Inc. 




14 d. 80-H6* C. 




Cultures In : Basal medium (control) 

l*8(+4-86 

0*80-0*86 


Do. +0*002 p.p.m. V 

2*75-3*01 

1*75-2 -01 


Do. +0 005 „ V 

3*01-3*11 

2-01 2-U 


Do +0 01 „ V 

3*24-(lo8t) 

2 24 


Do. + Ol „ V 

3 29-3 61 

2 29-2*61 


Do.+lO V 

3 *30-3 *56 

2*30-2-56 


Do. + 4*6 „ Mo 

4*46-4*05 

3*46-3-95 

IV 

Strain W.“0’2% G.F,2. Initial N-oontont. 0*89 mgm. liic. 




12 d, 86" C. 



1 

Cultures in : Basal medium (control) 

1*4^1*43 

0*68-0 .54 


Do. + 0-(K)02 p.p.m. V 

1*71-1*92 

0*82-1 -03 


Do.+O'OOl „ V 

2-87-2-6X 

l*48‘*a'72 


Do. +4 *6 „ Mo 

8*00-3*16 

2*11-216 

y 

Strain W.--0*2% G.F.2. Initial N-eontent* 0*78 mgra. Inc. 




12 d. 30* C. 




CultUTCs In : Basal medium (oontroJ) 

1*57-1*64 

0 70-0*86 


Do. +0*(KK)1 p.p.m. V 

1*63-1*74 

0-86-0-96 


Do. +0*0002 „ V 

1*86-1*87 

X‘08~109 


Do. +0-002 „ Mo 

S-89-(l09t) 

i-ei 


Do. +do. +0-0001 p,p.m. V 

2*86-2 66 

1-62-1-88 


Do. +0-004 p.p.m. Mo 

2*76-2-82 

1*97-2*04 


Do. +do, +0-0002 p.p.m. V 

2W-296 

2-16-2-18 


Do. +0-100 p.p.m. Mo 

3-72-8*76 

2*94-2*97 



B2 IMrLlTCNOR OF VOLYIMMftT^ hXr& VAlfAmVM ON NITROQKN FIXATION, 

With both strains a molybdennto concentration of 0*01 p.P-m., or roughly 10"^ 
molar, has an almost optimal effect, while 0*002 p.p.m, approximately doubles the 
fixation in the control medium, and the effect of 0*000B p.p.m. seems detectable in 
strain 3, The figures are comparable to those found by Horner et At. (1942) for 
Axotohacter, althoujdli this seems to have a somewhat wider range of effective 
concentration (1 p.p.m. had optimal effect, and 0’00001*-0'0001 p.p.m, had still a 
detectable effect In cultures 6 days old). The very small amounts of molybdenum, 
0‘00002-0'0001 p.p.m., show no effect at all. This suggests that the clostrldta are 
capable of some slight nitrogen fixation in *a medium devoid of available molybdenum, 
and that the molybdenum begins to catalyse the process when it is present in a 
concentration near or slightly above O-By per litre of medium, or 0*B x lO"* molar. 
As to vanadium, the effect of 0*002 p.p.m. Is still some 76% of the optimum, and 
0*0002 p.p.m., or roughly 0-4 x 10"* molar concentration, causes a detectable stimulation. 
Its active range thus seems to extend a little further than that of molybdenum, 
although it Is less effective at optimum concentration. There is finally in Exp. No. IV 
a suggestion of an additive effect of 0*004 p.p.m. molybdenum and 0*0002 p.p.m. 
vanadium. 

The Specificity of Molybdenum and Vanadium. — As mentioned in the introduction, 
no other elements have been found able to replace molybdenum and vanadium In 
Azoiohacter. To see if the same is the case In the Clostridia, as possible substitutes, 
we have tested some of the heavy metals of general physiological importance, namely, 
manganese, zinc, cobalt and copper, besides several elements of the same periodic groups 
as molybdenum and vanadium: chromium, tungsten, uranium, niobium, tantalum and 
bismuth. The experiments already discussed show that manganese is without effect; 
for instance, it was added to the basal medium in Exps. I, II, HI, VI, X. XI and XII, 
Table 2. Also iron, which was always included, is obviously unable to replace 
molybdenum. The results of the tests with the other elements are seen in Table 5. 

It seems quite clear that none of the elements tested can replace molybdenum and 
vanadium; several of them are even inhibitory, especially towards strain W. In the 
case of tantalum, the Inhibition might indeed be due to an excess of potassium hydroxide 
in the stock solution of potassium tantalate; therefore, the test was repeated with a 
neutralized solution and a tantalum concentration of 0-5 p.p.m. This time growth took 
place, but the nitrogen fixation was not stimulated: gains in basal medium, 0*79-0*86 
mgm„ with 0*5 p.p.m. Ta, 0-81-0*82 mgm. (cf.. Table 4, V). 

Tungsten presents some special problems. On a previous occasion (Table 2, IV) 
it showed an appreciable stimulation, but this might be due to impurities of 
molybdenum, since the sodium tungstate also stimulated nitrogen fixation by 
Azotobacter, and this effect persisted after two recrystaUizatlons (008-0-85 mgm, 
nitrogen was fixed per 25 ml. basal medium, 2*78-2-92 mgm. in medium with 10 p.p.m. 
sodium tungstate). A spectrograph ic examination of the twice recrystallized sodium 
tungstate, by Mr. A. C. Oertel, Waite Institute, Adelaide, showed the presence of 
molybdenum to the amount of some parts per million; if we assume 10 p.p.m., the 
addition of 10 mgm. of the salt per litre of medium would thus have provided O-ly of 
molybdenum, a quantity which, according to the data in Table 4, could hardly be 
expected to have any significant effect on the Clostridia, although it might explain 
the stimulation of Azotobacter. A test was conducted with tungsten in varying con* 
centratlon: 1*0, 01 and 0*01 p.p.m. The last quantity had no effect on Azotobacter, which 
in 20 ml. solution Incubated 10 days at 22-25*C. (cf.. Table 1, IV) showed the following 
gains of nitrogen: 

Contml medium O-ll-O-U mgm. 

l>o.+0 01 p.p.m. W 012-0-16 ,, 

The disappearance of the stimulating effect towards strain W with increasing 
dilution (Table 5, IV) suggests that the effect was really due to the small amount 
of molybdenum impurity, although an absolutely molybdenum-tree tungsten compound 
would be needed to supply the final answer. 
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Tablb &. 

Sp9ii\fic0y of Motybdonum and Vanadium (u Catalyrts of NUroym Vijeaiitm, 


Kxp. 

Xo. 

strain, MHlbini anU Incubation. 

M«m. N per 
Culture 
a. b. 

Gain of N, 
mffin. 
a. b. 

J 

Nhrutn 1. — 0 4% G.F.I. Initial X-coiitent, 0-56 m«m. Inc. 




10 d. 80“ C. 




Culturtm in : Banal mBtllunt (cuntrrti) 

1 05-1*08 

0*49-0*52 


Do. + 20 p.p.m. KCr(SO,), 

l-DOnOT 

0-44-0*51 


Do. 410 UO,(NO,). 

1 01-1 *03 

0 45-0-47 


Do. 4 10 „ Na,MoO* 

2 014-2 23 

1-53-1*67 

II 

Strain 1. — 0*2,'>% O.F.2. Initial X-contcnt, 1-47 tUKiu. Inc, 




14d. 30“C. 




Cultures In : Banal medium (control) 

1* 68-1 85 

0*21-0*38 


Do. H 10 p.p.m. gnSOi 

1 45-1 * 58 

(0) -o n 


Do. 4 10 CtKXO,)a 

1 45-1 '54 

(0) -0*07 


Do. no OuSO. 

1 -214-1 *85 

(no growth) 


Do. 4 10 „ Na,MoO 

2 *25-2 '30 

0-78-0*83 

in* 

Strain H'. — 0 25% (l.F.2. Initial N-content, 1 80 p.p.Ui. 




Iiic. tn d. 30“ C. 




(/UlturcH in : Banal niediutn (control) 

1 88-1 • 03 

0 58-0-63 


Do. 410 p.p.m. Zn 

1 * 78-1 • 90 

0-48-0 60 


Do. 110 „ Co 

1 • 16-1 19 

(no growth) 


IV). 4 10 Cu 

1*14-1*18 

(no growtli) 


Do. 4 10 .. Cr 

1 83-1 *92 

0- 65-4) -02 

1 

1 

Do. ( 1 0 11 

1 ‘18- 1*19 

(no growth) 


1)0.4 10 .. Nb 

1*08-1*75 

0*38-0-45 


Do. i 1 0 , Ta 

1 12*1 15 

(no growth) 


Do.41 0 „ Bi 

1*55-1 05 

0-25-0 35 


Do n o „ Mo . . . , . . . . 

3 45-3-63 

2 15* 2 23 

IV 

Strain W . — 0*2% O.F.2. Initial X*(H)ntP!it, o 80 mgm. Inc. 




12 d. 85“ C, 




CultiirBN in : Basal nuHlitim (control) 

I 42-1 43 

0-53-4) -54 


' Do. 41 0 p.p.m. W 

2 • 2H-2 • 30 

1 3^1 41 


Do. 1 0 1 „ W 

1 -45-1 -47 

0-66-0 -58 


Do. 4 0 01 W 

1 30- 1*37 

0 47-0 48 


Do. f4 « „ Mo 

3 -00> 3 16 

2 14 2-27 


• Niobium aud tantalum were nddod a.s potasHiuin iilobaU; and tantulaU^ preimriMl by fuKini; the oxldei* wltti 
potassium liydroxIdt>, bismuth as nltraU', tiu^ otlier metals in tlie same form as in Kxp». Ml. 

Upon the whole, It thus appears that the requirement of 01. hutyricum for molyb- 
denum or vanadium is as specific as that of Azotohacter, or rather more so, since 
it is not all strains of Clostridia that respond to vanadium. 

It might here be mentioned that the stimulating Influence of materials like soil 
or humus preparations on nitrogen fixation by clostrldia, observed by Krsemlenlewsky 
(19a8) and WUUb (1934), might be partly due to molybdenum or vanadium, as suggested 
by Bortels (1936), and partly to organic growth compounds. When Lantsch (1921) 
found that humus did not Increase nitrogen fixation but caused a marked reduction In 
the length of the lag phase In clostrldia, the explanation may be that these humus 
preparations were deficient in molybdenum but provided organic growth factors like 
biotin, p-aminobenzolc acid, etc. 

The Influence of Uolyhdmufn and Vanadium on Grouyth of Cl. hutyricum vnth 
Combined Nitrogen. — A few tests were carried out to see if molybdenum and vanadium 
also accelerate the growth with combined nitrogen, measured by the rate of sugar 
fermentation. Three strains of clostrldia were grown In Larapen and Peterson^s (1948) 
medium, with addition of 0*5% G.F.l, and some calcium carbonate to prevent inhibition 
of the growth by accumulation of acid. Molybdenum was added as 10 p.p.m. of sodium 
molybdate, and vanadium as 4 p.p.m. ammonium vanadate. Test-tubes with 10 ml. 
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solution were inoculated with one drop of potato-medium culture and Incubated in a 
hydrogen atmosphere at 87^C.» in one test also at 30^ and i^ucose was determined 
in duplicate or triplicate tubes at intervals mostly of 24 hours. 


ta»j.k e. 

Half of J/'0rnuintation of Glumte in Soiutim with Vomtnne^ NUrogm. 


strain . 



Per Cent. Glucose Kenneiited after Days. 



1 

o 

3 

4 

ft 7 

8 

1 



72 

88 





f Mo 

39 

73 

00 




1 

- Mo 

7 

2« 

37 

6« 

80 



H Mo 

20 

26 

60 

60 

100 


:* 

-Mo 

ir> 

3.6 

47 

73 

Oft 



-f Mo 

2H 

45 

78 

HH» 

itKi 


5 

- Mo 

0 

38 

60 

60 


(U 


j-Mo 

12 

40 

40 

63 


«4 


-Mo 

12 

81 

m 




W 

+ Mo 


79 

Oft 





rV 

3« 

88 

IIH) 





As seen from Table 6, molybdenum has only a small and irregular influence on the 
rate of fermentation, and this is most noticeable in the early stages of growth, which 
also appeared to start earlier in the presence of molybdenum. In the case of strain W, 
the same shortening of the lag phase by vanadium is quite marked, but the effect 
already is wearing off after 48 hours. Upon the whole, the effect of molybdenum under 
these conditions appears quite comparable to its influence on the growth of Azotohacter 
with ammonlamitrogen according to Burk and Horner (1935). We might also here 
recall the promoting influence of molybdenum on sugar consumption by strain 3 in 
nitrogen-deficient medium and hydrogen, atmosphere, as discussed previously. 

General Conclusions. 

The experimental results show quite clearly that although molybdenum and 
vanadium have some Influence on the general metabolism of the Clostridia, their effect 
consists pre-eminently in an acceleration of the nitrogen-fixation process, as in 
Azotohacter, It is reasonable to assume that both kinds of bacteria may possess a 
nitrogen-fixing enzyme (‘"nitrogenase”) that requires molybdenum as an activator, 
with vanadium as a less effective substitute; a certain difference in the enzymes seems 
to exist, in so far as In some of the Clostridia they are not activated by vanadium. 

Naturally the question then arises whether the biochemical processes of nitrogen 
fixation are fundamentally the same In the two groups of nonnsymbtotlc nitrogen-fixing 
bacteria and perhaps in all cases of biological nitrogen fixation. At the present stage 
this can only be a matter for conjecture, but the fact that molybdenum, and often 
vanadium, but apparently no other elements, catalyze nitrogen fixation In types of 
life so different as Asofoftacfcr, Vlodtridium huVyriisiwme, the Aaofowtonos imolita of 
Stapp (1940), the blue-green algae (Bortels, 1940) and the association of leguminous 
plants and root-nodule bacteria (e.g„ Jensen, 1946), certainly speaks in favour of such 
a Unitarian concept. For verification of this hypothesis, It would, among «other things, 
be of great value to investigate the effect of molybdenum In certain other still 
incompletely known or problematical agents of biological nitrogen fixation, such as 
the mycorrhlzal fungi {Phoma spp.) of the IBHcaceae (Temetz, 1907; Jones and Smltlu 
1928), the actlnomycetes from the root nodules of Alnm spp. (von Plotho, 194<M1), 
and the practically unknown root-nodule oi^anisms of Oaauarina spp. In Which there 
can be little doubt about the power of nitrogen fixation (Mowry, 1988). 



BY K. L. JEKBEN AND DON ALU SBEKCEB. 


85 


StTMMABY. 

Nine strains of Clostri^^ium huivricum and one ot CL acetotmiylicnm were tested 
for nitrogen-dxlng power In a medium deficient in molybdenum but containing the 
necessary organic growth*compounds. All strains fixed small amounts of nitrogen in 
the basal medium, but the fixation was strongly Increased, mostly three- to sixfold, by 
addition of small quantities of sodium molybdate. The yield of fixed nitrogen often 
exceeded three mgm. per gm. fermented glucose when adequate supplies of molybdenum 
were given. 

A molybdenum -concentration of 0*01 part per million was nearly optimal, and the 
Influence of 0-002 p.p.m. was still considerable. The effect of molybdenum appeared to 
begin at a concentration near or somewhat above 0*5 x 10~'* molar. 

In five strains of Cl. t)utyricMm, molybdenum could be replaced by vanadium, which 
at higher concentration mostly gave an Increase of nitrogen fixation equal to one-half 
to two-thirds of that caused by molybdenum, but which still allowed some activity at a 
concentration of 0-4 x lO-" molar. Molybdenum could not be replaced by Iron, manganese, 
zinc, cobalt, copper, niobium, tantalum, bismuth, chromium, uranium, or (probably) 
tungsten. 

Molybdenum had only a relatively small or no stimulating effect on the rate of 
sugar fermentation with combined nitrogen (ammonia). It thus appears that molyb- 
denum, partly replaceable by vanadium, is a specific catalyst of nitrogen fixation in 
Cl. hutyrioum as well as in Azotohacter and probably In other nitrogen-fixing forms 
of life. 
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Cultures of cloatridla In 50 ml. of Winogradsky ’a solution. 

1. — Btrain i, inc. 14 d. 80*C, (Table 2, I); from left: 10 p.p.m. Na#MoO* — Control — Sterile 
medium. 
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VOSO*— Control, 

3. — Strain W, inc. 14 d. 30'’C, (Table 2, XIII); from left: 10 p,p.m. NasMo 04 — 4 p.p.m. 
NHiVOa— Control. 
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I. Intbodcction. 

As implied by the title of this paper, the area under consideration 1« an extension 
of the great Victorian Metamorphic Complex, and alUiough a good deal of petrographical 
work has been done on the Victorian locks, it is not quite detailed enough to make 
possible the placing of the New South Wales types in the general metamorphic pattern; 
thus certain assumptions are made, which may prove incorrect when a more detailed 
study is made of the complex as a whole on the southern spie of the Murray River. 

Recently the w’rlter (1944) pubUshed a brief account of the geology of the Albury 
district, and although subsequent more detailed work shows that slight modifleatimus 
are necessary, the present paper is partly a petrological elaboration of that area 
together with a ratlier more generalized description of the country in tln^ vicinity of 
Woomargama and Jingelllc. The region examined has an area of approximately 800 
square miles and represents work in varying degrees of detail (see Plate xv). It is 
hoped, however, that it gives a fairly i*eliable general picture of the metamorphism and 
of the various granite intrusions that have from time to time invaded this complicated 
area. 


II. The Country Rocks. 

1. NATURE OF THE ORIOINAI. COUNTRY ROCKS. 

( 0 ) . iSfcrf i ?}i entari/ TypeH, 

In the areas of less altered rocks about Jingellic, excellent sections of the sediments 
are exposed. Certain parts of the Holbrook Road, several miles east of Lankey’s 
Creek Post Office, cut obliquely across the strike of a great series of comparatively 

♦Continued from the«e PftoewBomos, Ixx, 1945, 158. 

t The greater part of this w’ork was carried out during the tenure of a Dinnean Macloay 
Fellowship in Geology. 

ir 
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narrow alternating beds of light grey, buff and black pelltes and psammltes. In places, 
the sandy type Is the more prominent, in other parts, It Is almost absent, and the beds, 
though still fairly narrow, and rarely exceeding IS'' in thickness, show alternations of 
black and grey pellte. Close examination shows that many of the pelltes are somewhat 
sandy types and should be termed more correctly psammopelites. 

In areas of greater metamorphism the same rock-types may be recognized among 
the high-grade schists, and chemical analyses show that the pelltes are normal or 
aluminous pelltes as defined by the present writer (1942). The siliceous pelltes met 
with at Cooma (Joplin, 1942) and elsewhere in the Ordovician of New South Wales 
(Joplin, 1946) have not been observed in the Murray Valley; although a few rocks are 
more siliceous than the normal pelltes, their high alumina content shows them to be 
variations of that group. Reference to Tables 1. 2 and 8 will show other variations 
from the normal as well. Thus a number of rocks (Table 2) contain lower magnesia 

Tablb 1. 

Normal 



I. 

If. 

III. 

IV. 

V. 

VI. 

vn. 

VIXI. 

IX. 

X. 

XI. 

HiO, . , 

55 49 

56 52 

B6 33 

50-42 

Bl-33 

64-18 

58-87 

56-40 

54 63 

56-05 

50-05 

A1,0» . . 

.. 2445 

23 13 

22 94 

21*44 

26-69 

25 48 

21 23 

28 20 

25 35 

24-91 

22 9.5 

Po,0, 

2-21 

1 96 

2 19 

109 

4-80 

2-99 

2-47 

1-30 

2-40 

1 22 

1 -48 

KeO 

4 92 

5-09 

4 '64 

.5 23 

1 07 

3 08 

4-0.5 

6-22 

4 64 

4-76 

5-16 

MgO 

2-88 

282 

3 • 27 

2 53 

2 72 

3-13 

2 98 

3-24 

2 75 

2 51 

2-37 

CaO 

0-35 

0-39 

O' 25 

0 11 

0 26 

0-41 

0*12 

0 63 

0-66 

0-51 

0-6B 

Nft,0 . . 

0 54 

0 24 

0‘88 

0’60 

0 77 

0-78 

0-60 

0 61 

0 62 

1-06 

0-81 

K,0 

. . 5 21 

6'U 

610 

614 

6-18 

6-70 

5-73 

5 6.5 

6-28 

6-12 

5 85 

H,0+ . 

2 09 

2-27 

3-07 

1-82 

6-20 

2-88 

2*59 

2-77 

1 26 

1 23 

1 -17 

H,0 

0 07 

()'20 

0-80 

0 19 

1 -53 

0-48 

0-22 

0-30 

0-26 

0-22 

0-18 

TIO, . . 

. . O' 78 

! 17 

— 

0-96 

0-49 

0-73 

0-84 

0-67 

0-86 

0-86 

0-68 

P«0. . . 

0 20 

0-22 

0 13 

004 

— 

0 07 

0-05 

0-06 

0 20 

0-14 

0 18 

MnO 

0 09 

0 1)6 

tr. 

0 06 

— 

0 03 

0-02 

0 01 

0-05 

Oil 

0-05 

ZrO, . . 

«.d. 

— 


n.d. 

— 

U.d. 

0 02 

0 05 

016 

0-09 

0-19 

C 

0-03 


— 

— 


0-34 

0 16 

0-51 

— 

— 

— 

00, 

0'30 


— 

abH. 


abB. 

abH. 

abn. 

abs. 

abs. 

aba. 

BaO 

— 

0-11 

— 



— 

— 

— 

— 

— 

..... 


99-61 

100 32 

100-50 

99-68 

99 98 

100-23 

99-95 

100-52 

100-09 

99-79 

99-86 


I. Kuotti^U SohSet. lust NW. of Hamilton Trigonometrical Station, Por. 275, Par. of Jlmlera, Albtiry. Anal, 
G. A. JopUn. 

11. Andalualte Hornfcla. Noorongong. Anal. 0. M. Tattam. Gaol. Surv. Vtcf., Bull. 52, 11)29 ; 35. 
lit. Phyllito. Enaay Area. Anal. W. A. Howltt. Proc, Nov. Soe. Via., 22, 1886: 68. 

IV. Permeation Gneiaa. Eaatern HUls, Pors, 107/74, Par. of Albury. Anal. G. A. Joplin. 

V. Argillite. Waterford, Dargo Koad and Mitchell River Crowing. Anal. A. W. Howltt. Ibid., 23, 1887 : 130. 
VI, Chlorite-Hcriclte-schUt. About half a mile east of McCarthy's Crowing, Por. 144, Par. of Coolrlngton. Anal. 

G. A. Joplin. Paoc. LINN. Soo. N.8.W,, 67, 1942 : 181. 
vn. Plicated Mlca-achlst. Crossing of Slack’s Creek and Dry Plain Road. Anal. G. A. Joplin. Ibid. 

VIII. Knotted Andalusite-schlwt. For. 137, Par. of Blnjura. Anal. 0. A. Joplin. Ibid. 

IX. Spotted Grannllto. Por. 212, Par. of Blnjnra. Anal. O. A, Joplin, Ibid. 

X. Mottleii Gnolw. Spring Creek. Por. 2 12, Par. of Blnjnra. Anal. G. A. Joplin. Ibid. 

XT. Mottled OiicIhs. Same locality as X. Anal. G. A. Joplin. Ibid. 

than that characteristic of the normal types, and these, as well as the more normal 
and more siliceous pelltes (Tables 3 and 3), show variations in soda and in total Iron. 
Nevertheless, these discrepancies are not so great as to warrant the assumption that 
these sediments had a markedly different origin. 

In Tables 1-3 analyses of the Albury- Jingelllc pelites are grouped with rocks from 
various parts of the Victorian Complex, thus indicating that these types of sediment are 
widespread and form the dominant country-rock within the entire complex. Further- 
more, with reference to the Victorian region, Howltt (1889) comments upon “the 
characteristic alternations of argillaceous and arenaceous beds'*— a feature particularly 
noticeable In the JingelUc area, as mentioned above. 

Although no graptolltes have been found In the Albury-Jlngelllc area, the rocks 
have been traced into Upper Ordovician graptolite-bearlng types by Howltt (1884) and 
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by Tattam (1929)» and in view of the close lithological and chemical similarltieB between 
these rocks and those of Cooma, they are regarded as Ordovician sediments, probably to 
be correlated with the Bln jura Beds of the Oooma district. 

TASLie 2. 

Afaifne$ia ConUmt Imver than that of th$ Uformal PelUe*, 






I. 

II. 

III. 


IV. 


S!0, 




58-88 

67-74 

69 43 


52-91 


A1,0, 




27 95 

23-06 

23-37 


24-40 


FegO, 




6-04 

2-90 

2-84 


6-46 


KeO 




0-69 

1-61 

1 13 


1-60 


MgO 




1 02 

1-97 

I 59 


I 80 


CaO 




019 

0-14 

0-14 


0-29 


Na,0 




0-84 

0-46 

0-61 


1-08 


K,0 




5 64 

5-38 

6-09 


6-60 


11,0 f 




3-44 

3-76 

2-48 


3-81 


H.O - 




0-72 

1-03 

0 61 


0 «1 


TiO, 




1 12 

0 92 

0-98 


0 88 


P.0, 




0 07 

0-10 

tr. 


0-10 


MnO 




0 03 

0 04 

0-01 


0-06 


BaO 




— 

— 

— 


0-06 


C . . 




0 53 

0-87 

1-76 


0-19 






100-66 

90 08 

100 03 


90-78 


I. Dark 

Grey 

Slate. 

Til mba rumba Koad, 

3 miles from Jtngelllc, 

Por. 

12, Par. 

of 

Ourrajoiig. 

Anal. 

G. 

A. Joplin. 






II. Spotted Black Slate. 

Near Abraliam*H 

Uoiiuim, 

roadside (tutting, 

Por, 

23, Par. 

of 


Talraolmo. Anal. G. A. Joplin. 

III. Dark Or«y Slate. Holbr(K>k Ihiod, Por. 66, Par. of Curralong. Anal. G. A. Joplin. 

IV. Slate. Baatem slopes nf Mt. Wagra, near '.rallangatta. Anal. 0. M. Tattam. Gwl. 
Surv. rtd.. Bull. 62, 19211. 


Tab^b 8. 

Silica Percmtage highcT than that of Normal P«lUc$, also AlkalUt and Total Iron commhal Irregular. AtudycU I contains 

houfcr Magnesia, 




I. 

II. 

III. 

IV. 

V. 

VI. 

810, .. 


65-7» 

64-00 

62-28 

62-30 

61-92 

61-13 

A1.0. 


21-04 

19-82 

20-16 

10 22 

20-74 

23-43 

Pe,0, \ 
KeO / 


2-28 

3-50 

/ 0-63 
\ 3-84 

1-80 

4-01 

2-28 

3-90 

0-09 

4-84 

MgO 


076 

2-14 

2-54 

2-96 

2-19 

1-99 

CaO .. 


0 14 

0 32 

0-82 

0-44 

0-42 

0-63 

Na,0 


0-27 

1 10 

1-29 

2 07 

3-61 

1 -08 

K,0 .. 


4-77 

4-41 

6-40 

3-60 

2-28 

6-84 

H,0 + 


2-67 

1-38 

M4 

1-96 

1-20 

0 26 

H,0« 


0-26 

0-86 

0-72 

0-40 

0 92 

0-20 

TIO, 


0-92 

— 

0-17 

— 

— 

0-72 

P|0, 


0-08 

0-10 

0 16 

0-23 

0 16 

0-24 

MnO .. 


— 


— 

— 

0-17 

0-09 

0 


1-69 

3-82 

— 


— 


ZrO, 

•• 


— 


— 

— 

0-16 



100-89 

100-94 

100-04 

9S’98 

09-69 

100-70 


I. Oarbonaoeous Serlclte Schtet, slightly hornfelaed, Por. 16, Par. of Bumimbuttock. Anal. G. A. Joplin. 

U. Mlea-achtet. WllaonV Creek, Omeo Area. Anal. A. W. Howitt. Trans. Rou. Soe. Viet,, 24, 1887 : 112. 
m. Homftl*. Orr** Gully, Dargo Area. Anal. A. W. Howltt. Ibid.. 28 : 138. 

rv. Slate. Junction Haunted Stream and Tambo Elver. Ibid., 20, 1884 : 58, 

V. Homfbla. Above Locality. Anal. A. W. Howltt. Ibid., 62. 

VI. HotUed Gnetos. B(t. Gladatone, Oooma, Por. 146, Par. of Jltlamatong. Anal. G. A. Joplin. Proo. Lotk. 
Soa K.S.W., 67, 1942, 
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(1)). Hocktt of Igneous Origin, 

N«ar Belhanga Bridge^ juet to the west of the Hume Weir Quarry, a maaa of haalc 
igneous rock occurs associated with the granite. The reiatiou of the two roclce U 
rather obscure and it may represent a later Intrusion Into the granite or part of the 
country-rock occurring as a roof-pendant. In thin section the basic type shows a good 
deal of alteration, but does not appear to be in a high grade of metamorphlsm like the 
numerous pyroxene-graniiUte xenoliths found In the Bethanga gneiss within the quarry 
Itself. Numerous blocks of quarried gneiss and granite contain this lower-grade type, 
however, and one of these was analysed and comi>ared with an analysis of a granulite 
xenolith. It will be seen in Table 4 that the two rocks are comparable, though by no 
means idcmtlcal, and the question of their relationship must be deferred until further 
field evidence becomes available. Reference to Table 4 shows also that these rocks 
appear to be of the same magma- type as certain hornblende and pyroxene granulites 
from Cooma, which, it was suggested (Joplin, 1942), represented basaltic flows or Bills 
within the Birijura Beds. 


Tablb 4. 




I. 

11. 

HI. 

IV. 

V. 

SIO, 


.52 23 

48 23 

49 * 60 

47 24 

47 26 

Al.0, 


22 16 

10*67 

16 42 

18*55 

22 ' 80 

Fe,0. 


0-72 

2 66 

0*72 

6*02 

2 21 

VM> 


8 50 

6 09 

9 10 

4 00 

5*41 

MuO 


4 ■ 75 

7 65 

7*47 

5 24 

7-76 

CaO 


7-29 

9 22 

14*79 

11 72 

10*98 

Na,i> 


0*43 

1 67 

0*47 

2 42 

1 72 

K|0 


1*70 

0 84 

0*32 

0 16 

0 29 

rt,0 


0 73 

3 17 

0 57 

2*24 

0*90 

H,0 - 


0*01 

0 25 

0*03 

0*21 

on 

TIO, 


0*76 

0*78 

0*75 

1 46 

0 38 

P,0, 


0-46 

0 26 

0 05 

0*26 

ocm 

MnO 


on 

0 15 

0*16 

0 31 

0*31 

CO, 


ftbs. 

1*88 

abH, 

— 

— 

Rtit!. • . 






0 24 

0 10 



99*85 

99*52 

UK) 35 

100*12 

100 24 

8p. Gr. 


2*83 

2 81 



...... 


l. I*yr*"xi3U0“gramiUt«. Large Incluition in l5etluinga Gnebi^. Weir Quarry, Por. C.'V, Par. of 
Ttmrgona. Aaal. G, A. Joplin. 

n. Alteroil Basie Rork. Rond cutting Iwtwcen turn-off to llunie Weir and Bethangn Bridge. 

Pors. Par. of Tlmrgona. Aoul. O. A. JopUn. 

in. Hornblendc-granulite (with traw^ of pyroxene). Coonwi Creek, near entramie to gorge, Pt»r. 
isn, l^ar. of Cooma. Anal. G. A. Joplin. Phoc. LirfN. Soo. K.8.W,, 67, 1942: 172. 

IV. Bafjalt (porphyrltlc central type) Tertiary lava. 1 ndle 88 W. of Dorrynaeulen, Mull, Anal. 

K, G. Radley. Mem. Qeol. Sure. Seot., 1924 : 24. 

V. Blotlte-cucrlte. Ring-dyke Centre 3, Ardnamtirelmn. Bank of stream I mile ea»t 33 south 
of Achualia. Anal. R. 0. Ihulloy. Ibid., 1930: 85. 

The pyroxene granulites and certain related types, which are believed to represent 
admixtures of basic tuff and normal sediments, are described In detail In connection 
with the xenoliths in the cordierite-bearing gneiss (see p, 100). 

2. THE MET AMORPHIC ZONES. 

In the Cooma district the metamorphic zones could be mapped fairly accurately, 
and it was shown that granitlzed areas, consisting of injection- and permeation-zones, 
surrounded the main mass of Ordovician gneiss. These were followed outwards by a 
zone of piezo-contact metamorphism, termed the andalqslte-zone, and this again by 
biotite- and chlorite-zones. It was established that the granitlzed schists and andalusite- 
schists were formed directly as a result of the Intrusion of the Ordovician gneiss, and 
although It was surmised that the biotite- and probably the chlorite-zottes bore a 
causal relation, this point could not be verified owing to the paucity of outcrops. 
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In the Albury-Jlngellic area the 2oneB are not well detlned and cannot be strictly 
correlated with those of Cooma since the Albury area represents only the northern 
periphery of the main complex of Victoria, and it is possible that this represents a 

different level of the intrusion from that of Cooma. Moreover, in the Murray Valley, 

the metamorphlc imttern Is obscured by intrusions of later granites, and many of these 
have superimposed hornfels-xones on the Ordovician schists. 

The Albury district shows a conspicuous development of sills In the vicinity of the 
gneisses, and although these have been responsible for granitlzlng and sometimes 
felspathizing the schists, their margins are usually well defined and they do not give 
rise to injection-gneiss. Actually, a little very localized injection is to be seen within 
the zone of sills, as on the western shore of the Bowna Arm of the Hume Reservoir, 
and in several road sections within the town. At the northern end of Eastern Hills, 
a large sill has been responsible for the permeation of the surrounding schists, which 
compare with the permeation or mottled gneisses of Cooma. 

Along the Howlong Road, between West Albury and Btingowannah, the schists are 
high-grade types, often sllllmanlte gneisses. These are within the zone of sills and 

pass rapidly into knotted schists which are also partly within the zone of sills. No 

attempt has been made to map the junction between the sillimanite-zone and the zone 
of knotted schists, but the line of demarcation between the zone of sills and the outer 
part of the knotted schist zone, though not sharply defined in the field, is shown as a 
rough sketch boundary on the map (Plate xv). 

North of Albury the knotted schists pass into biotite schists, and again, the 
boundary shown on the map is only approximate, but it is fairly obvious that all 
three zones run approximately east and west and are possibly marginal to a gneissic 
body south of the Murray, the northern margin of which crops out we.at of the town 
on the banks of the river and on the lower southern flank of Monument Hill. 

Other ginaller masses of gneiss with their corresponding zones are to be found 
In the Parish of Bowna on the shores of the northern arm of the reservoir, at 
Woomargama, and about 10 miles from Jingellic on the Tumbarumba Road in the 
Parish of Coppabella. There is also good reason for believing that a mass of gneiss, 
subsequently engulfed by later granite, occurred a few miles south-east of Jingellic, 
since by analogy with other areas of gneiss, outcrops of knotted schist on Horse Creek 
and on the banks of the Murray suggest the former presence of gneiss. 

Thus, though the metamorphic zones are not so easy to trace as at Cooma, they 
appear to exist or to have existed before being stamped out by later metamorphic 
changes. 

In examining the metamorphic rocks in the Omeo district which is situated near 
the southern end of the complex, Howitt (1889) has traced the progressive regional 
luetaraorphlsm of what were then considered to be Silurian rocks into Ulghly-crystalllne 
schists and gneisses. He describes the unaltered rocks as a series of interbedded 
arenaceous and argillaceous rocks, and calls rocks showing an early stage of alteration 
‘'argillites" (see Table 1, Anal. V). He speaks of these low-grade rocks as containing 
members of the chlorite group and recognizes this change as "one of the earliest stages 
of metamorphlsra impressed upon them (the beds) during the folding of the strata". 
At the next stage, he observes phyllitlc characters developed and mentions that these 
pass into mica-schists and ultimately into massive holocrystaUlne rocks with the 
charactei^s of quartz-diorltes. Although Howitt did not map these stages as, or call 
them, metamorphic zones, he tacitly recognized them as such. This is of very great 
interest, for It was not until 1893 that Barrow put forward his ideas concerning the 
Highland zones, and it was In 1926 that Tilley suggested the use of chlorite as an index 
of low-grade argillaceous rocks. 

Tattam (1929), la describing the Victorian Complex as a whole, makes no attempt 
to trace metamorphic zones, largely on account of retrograde effects. Nevertheless he 
mentions the occurrence of cWorltic slates and phyllltes at Tawonga Gap and on the 
dirlde between Twist's and Commissioner’s Creeks, near Yackandandah (w. 12 and 18). 
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Ab already explained, the present writer is attempting td compare the Murray 
Valley rocks with those of Cooma where metamorphlc zoning is fairly simple, but to 
do this satisfactorily the Victorian rocks must also be considered. Obviously zoning 
is possible in the areas where Howitt has 'worked, but it is a little dlfllcult to correlate 
Tattam^s phyllites, injection schists and schistose phyllite with the various zones. I 
have been greatly assisted in this correlation by the kindness of Mr. Baragwanath, 
who has lent me a large collection of microscope slides from this region, and, so far as 
1 can ascertain, Tattam's phyllites cover all types from the lowest grade up to the zone 
of knotted schists. He speaks of the occurrence of chlorite and of blotlte In these 
rocks and describes some types containing oval knots in a two-mica base. His Injection 
schists appear to be comparable to some of my high-grade altered schists and gneisses 
which occur within the zone of sills, and so far as I am able to tell, his schistose 
hornfelses are the more psammalic types within this same zone. 

In the Albury-JingeUlc region, later granites have superimposed their contact 
effects, and Tattam has recognized similar phenomena on Indigo Creek In the contact of 
the Pilot Range granite and further south In the Tambo River area. These rocks Tattam 
(1929, p. 18) describes as hornfelses. 

3. PETTIOORAPHY OK THE OROOVICTAN SCHISTS. 

(a), ^^ohists of tko Chlonto and Biotite Zones. 

Low-grade rocks belonging to the chlorite-zone are developf^l In the vicinity of 
Talmalnio and Jingellic, but many have suffered a superimposed contact metamorphism 
near the margins of the younger granite intrusions (see p. 122). 

In both these areas the politic type of sediment Is more common than the psammatic, 
though the microscope reveals minute sandy bands In most of the t)elltic rocks. 

In handspecimen the rocks are grey or black slates with a fairly well-developed 
cleavage. Occasionally they are slightly phyllitic. 

Under the microscope they are found to be slightly banded, and minute cross-cutting 
veins of quartz or of Iron ore are not infrequent. 

Chlorite, sericitc and a little quartz are the main constituents, the latter being more 
abundant in the psammatic bands. In the darker rocks carbonaceous material is 
prominent. Accessory minerals are zircons and iron ore. Chlorite usually occurs in 
minute flakes in parallel orientation, but in some types larger flakes or plates, clouded 
with carbonaceouH material, occur. The chlorite is optically negative and colourless to 
very pale green. The double refraction varies from nothing to 0*005. In the vicinity of 
the cross-cutting veln.s containing haematite, a little biotite or green mica may be 
developed, and in some slates darker micas are developed near haematite streaks which 
are parallel to the schlstoslty. Sericlte occurs in flakes parallel to the schlstoslty or as 
minute blades piercing chlorite plates. 

Biotite-schists occur north-west of AlbuiT near Burrumbuttock, to the north-east near 
Woomargama and up tlie river near Jingellic, In many cases they have suffered a 
subsequent contact metamorphism. 

The blotite-schlsts vary a good deal In handspecimen, some of the Jingellic types 
looking not unlike phyllitic slates and being indistinguishable from the slates of the 
chlorite-zone. North and north-west of Albury, however, they are usually coarser 
grained, and often mica may be distinguished in handspecimen. In this area, and also 
In the area about Woomargama, psammatic types are prominent, and these form 
typical quartz-mica-schlsts. 

Under the microscope the pelltes of the biotite-zone vary a good deal in texture and 
grain-size. Near Jingellic a fine-grained blotlte-schlst shows a slight development of 
false cleavage. There Is a great development of minute flakes of greenish-brown mica 
parallel to the schlstoslty and small porphyroblasts of biotite are developed across it. 
Harker (1932, p. 215) considers this to be an early stage In the blotlte-zone. The 
development of biotite In the vicinity of haematite is mentioned above In connection 
with the chlorite-zone and a specimen from Burrumbuttock, within the blotlte-zone, 
shows a related feature. In this case an aureole of chlorlte-flericlte-schlst surrounds 
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haematitized pyrites crystals in a rook which normally contains a good deal of greenish- 
brown mica. 

At BuiTumbuttock carbonaceous quartz-sericite-echlstB are fairly common, and 
though they contain no blotite, their well-marked plication and schistosity Indicate that 
they probably belong to the biotite-zone, their initial composition inhibiting the 
production of the index mineral. 

The biotite-schists are often finely banded with minute (O-B mm.-3 mm.) seams of 
psammlte alternating with pelite. 

Lenses of biotite, or small porphyroblasts orientated with their basal cleavage at 
an angle of about 30“" to the schistosity, may be developed in a fine lepidoblastlc 
aggregate of biotite, sericite and quartz. The amount of biotite is variable and white 
mica may be poorly developed in some types. 

Tourmalin! tized biotite-schists have been collected from Por. 317, Parish of 
Moorwatha, and Por. 131, Parish of Mungabarlna. 

Psammopelites are fairly common in the areas where the blotite-zone is developed. 
These contain a greater proportion of quartz than the pelites, but the mineral constituents 
and structures are similar. The quartz usually occurs In small elliptical grains with 
their longer axes parallel to the schistosity. 

About Burrumbuttock the most prominent rock-type is a fine-grained buff-coloured 
slate, which, on microscopic examination, proves to be an extremely fine-grained 
psammopelite containing quartz, greenish mica, biotite, some muscovite, iron ore and 
tourmaline. In some types small porphyroblasts of chlorite lie athwart the schistosity. 

Unlike the psammites in the blotite-zone of Cooma, those of the Burrumbuttock and 
Woomargama districts show a well-preserved clastic structure. The clastic grains are 
usually quartz of varying size (1*0 mm.*~0*l mm.). These are somewhat lenticular and 
often granulated, but not infi’equently occur in irregular grains across the schistosity. 
tJnduIose extinction is common, and cross-cracking and lines of minute inclusions at 
right angles to the incipient schistosity of the rock are often developed. The matrix 
consists of biotite, green mica, muscovite and quartz, whilst tourmaline and iron ores 
are often accessoiy. Detrital grains of sphene and of apatite occur. The former are 
.sometimes recryst alii zed. 

A rock east of Moorwatha Trig, shows clastic quartz grains with undulose extinction 
and a marginal development of secondary quartz. There is little evidence of regional 
metanu)rphism, and the rock appears to have been slightly liornfelsed, although no 
granite mass has been observed in the vicinity, 

A rock from the roadside opposite the T.S.R., south of Woomargama. contains a 
small quantity of clastic plagloclase showing a clouding of minute black grains 
(Macgregor, 1931). The rock may represent an arkose or may contain a little original 
tuffaceous material. In the field it appears as a greenish -grey psammlte. 

(b). Zone of Knotted ScUittU. 

The inner part of the zone of knotted schists lies within the zone of sills. All of 
the pelites and most of the psammopelites and psammites within this zone show a 
development of dark spots, which stand out as knots on weathered surface^a. The 
knots vary considerably In size from a few millimetres up to an Inch (Fig. 1). The 
schists are distinctly micaceous and within the zone of sills mica is developed In very 
large flakes and the rock appears coarser than usual. 

In thin section the spots may show a distinct zoning, which when examined more 
closely under the microscope is not so apparent Sometimes the zoning is due to a 
difference in texture, sometimes to a concentration of carbonaceous material or to the 
development of biotite in the centre of the spot. Most of these areas are circular or 
elliptical in section and consist largely of green micaceous material exactly similar to 
the altered cordlerlte of the cordierlte-bearing gneiss (see p. 107). Often the green 
mica shows a well-developed sieve structure. Chlorite, red-brown biotite and quartz are 
usually present as well, and sometimes white mica or a large quantity of carbonaceous 
material-“probRbly finely-divided graphite. A rock from the track Just west of Bungamba 
Trig, shows a zoned spot consisting of an Inner core of bright orange, isotropic plnfte 
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and an o\iter rim of green micaceous material. Both show well-developed eleve-etructure. 
The presence of pinite suggests strongly that the original spot consisted of cordleiite. 
Another rock from the Gap Road north of Hamilton Trig, contains large plates of green 
mica threaded with parallel bands of haematite around which wisps of blotite have 
developed. These seem to mark an original cleavage and suggest that the knot was 
originally andalusite. In the twenty-six microslides examined from this sone, no fresh 
cordlerite or andalusite has been detected, but in slides kindly lent by Mr. W. 
Baragwanath from the head of Forest Creek, Talgarno, Victoria, both these minerals 
have been observed. These highly-plicated carbonaceous rocks from Victoria would 
appear to lie within the tone of knotted schists and outside the zone of sills. It Is of 
Interest to note that the analysis of a knotted schist from the Albury district compares 
closely with a knotted andaluaite-schist, containing some cordlerite, from Cooma, and 
with an andaluBite hornfels described by Tattam (1929) from the Mltta Mltta Valley 
(Table 1). Furthermore, in a higher grade of inetamorphism, andalusite and/or 
sillimanite and occasionally cordlerite are developed in the Albury area. 

Although no direct comparison can he made, It Is of interest to examine three 
analyses carried out by Tattam. The first Is a ‘Vhloritlc" nodule from a knotted 
phyllite which would appear to correspond to the spots of the Albury knotted schists, 
and the others are analyses of pinitized cordlerite. 


Ta»lk 5. 
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The high potash of these analyses suggests the presence of mica which has been 
noted in the plnlte or chi critic material of the spots in the Albury schists. 

Both the New South Wales and Victorian rocks show a fine banding and a well- 
marked plication or false-cleavage. The pelttic layers usually contain an abundance 
of knots in a base consisting of elongated flakes of brown, green and white mica — no 
doubt the two-mica base described and analysed by Tattam (1929). The structure of 
this base is lepidoblastic. The Intermediate sandy bands contain an abundance of 
quartz and show a tendency towards a granoblastic stnicture, although a parallelism of 
the mica flakes is apparent. Small elongated grains of quartz are also present In the 
pelitic layers and they sometimes become larger In the vicinity of the knots, where the 
texture of the pellte often becomes coarser. Iron ore and sphene are accessory, 
tourmaline Is well developed in certain localities, and graphite Is very abundant In some 
types. 

Psammopelites and psammites show similar features. The schlstoslty is less well 
marked and there is a greater development of the granoblastic structure. The knots, so 
Characteristic of the pelites, are not always developed in the interbedded psammite, but 
when present they consist almost exclusively of the green micaceous material and occur 
as large polkloblasttc porphyroblasts whose margins are interlocked with the xenobhuttlo 
quartz and micas surrounding them (Fig. 1, A and C). 
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Ttiene rocks appear to have suffered a fairly high-grade metamorphism which seems 
comparahle in degree with the schists of the andatusite-zone at Cooma. In view of tbetr 
advanced recrystalllzatton, It seems probable that the micaceous and chlorltlc material 



Fig, l.*— Knotted achlata. 

A. Psftmmopelite showing portion of a large knot. This consists of a mass of chlorite 
and sericlte and contains numerous inclusions of biotite, muscovite and quarts. The base 
consists of elongated grains of quarts, blotlte and muscovite which are bent around the knot. 

X 16 , 

B. Pellte showing numerous small knots, much altered and with a sieve-structure. The 
base has a marked echistosity with bending around the knots and constats of email elliptical 
graliM of quarts and flakes of mloas. x 16. 

C. Peammite showing large altered knots with sieve-structure in a coarse base of quarts 
and mica having a marked echistosity. x 16. 
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of the knots represents a retrograde rather than an Incipient change, In spite of the 
tact that the main body of the rock shows no sign of retrogressive metamorphlsm. 
There is little doubt, however, that the spots were originally cordierlte and/or andaluslte 
crystals, both minerals being far more susceptible to alteration than the micas of the 
base. 

(r). Altered High-Grade fichists and Gneisses, 

In the Cooma area, definite zones of permeation and injection could be mapped, but 
as the Albury aiTa l ep resents only part of a very much larger complex which has suffered 
the further complication of retrograde metamorphlam, it is Impossible to map either of 
these zones. Several types, however, may be recognized among the high-grade schists 
and gneisses and these will be described under the following headings: 

(i). Greisenized schists and gneisses. 

(li). Oranitlzed schists. 

The latter show a somewhat different type of granitizatlon from that observed at 
Cooma, and although permeation and injection have taken place, these schists cannot be 
clussifled as either permeation or Injection gneisses as defined for the Cooma region. 
Gneisses here referred to are paragneisses or highly-altered sedimentary schists that 
have been soaked with igneous material. Orthogneisses and related contaminated types 
are described in the section dealing with the Ordovician intruslves (p. 97). 

(i). Greismized ^c?iuts and Gneisses , — These types occur along the How long Road 
to within half a mile of Bungowannah, and lie within the zone of sills, which have no 
doubt been partly responsible for the greisenlzatlon of the schists. There are slight 
indications that they may extend east of Albury, but as already noted (Joplin, 1944), the 
only good outcrops form the Eastern Hills at the back of East Albury. 

These schists have suffered a high-grade metamorphlsm and often exhibit a coarse 
gneissic banding. Silllmanite is abundant, though it seems evident that some of it has 
developed after muscovite and andalusite and therefore followed the main period of 
high-grade metamorphlsm and of greisenlzatlon. Obviously the metamorphic history of 
this part of the country has been very complicated and a much larger area should be 
studied to arrive at reasonable conclusions regarding It. 

The brown and green micas of the zone of knotted schists have now given place 
to deep led-brown biotite crowded with inclusions of zircon. When present, Quartz 
forms large ellipsoidal grains, and biotite and muscovite occur in large parallel flakes 
up to 2 mm, in length. The muscovite is commonly poikloblastic and often contains 
mats of silllmanite needles. In certain rocks the quartz is also crowded with slllimanlte. 
A specimen from Eastern Hills contains large poikloblastic porphyroblasts of pale pink 
andaluslte. In hand-specimen It Is not unlike the mottled gneiss from Cooma, and under 
tlm mlci'oscope shows some resemblances to that type, though it has suffered a severe 
retrograde metamorphlsm, some of the andalusite being altered to greenish mica and the 
original red biotite bleached and chlorltized with the separation of Iron ore and rutile. 
This Vock occurs very close to a sill, and the retrograde changes can probably be 
attributed to this Intrusion. 

At Cooma the pink pleochroic andalusite appears to be of magmatic origin. Several 
of the high-grade rocks from Albury contain rose-pink andaluslte surrounded either by 
mica 01 ’ by sBlimanite, and although no positive statement can be made, it seems likely 
that the andalusite originated In a permeation-zone like that of Cooma, and that the 
permeation gneisses liave been subsequently altered either by the introduction of 
Igneous material or by earth movement. 

OrllYOclase and a little altered cordierlte have been detected in a few rocks that 
iiave not been completely grelsenized just as in the permeation types of Cooma. 

(11.). Granitized Hchists , — These rocks occur near Woomargama. on the steep hill 
on the Turnbarumba Road, 10 miles from JingeUic, near the Orphanage at Albury, and 
among the xenollths In the two-mlca gneiss at Albury. They appear to represent the 
soaking of high-grade psammites or psammopelltes with magmatic material, and seean to 
correspond to Tattam's schistose hornfelses (Tattam, 1929, p. 17). In some cases large 
grains of orthoclase have developed In the schists and have either enveloped or pushed 
aside the original minerals of the rock. Subldloblasts of plagioclase, however, occur more 
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Often as the indicator of this granitlzation process, which is comparable to the acidihca- 
tion processes observed in xenoUths (Nockolds, 1932). Quartz and muscovite also show 
evidence of having been derived from the igneous mass. 

In the case of the permeation^gneisses of Cooma, the permeating magmatic material 
appeared to act as a vehicle bringing about changes within the rock, and there was 
rarely evidence of magmatic addition. In the Cooma Injection-gneisses there was 
evidence of addition In the form of discrete lits or of veins. Granltization at Albury, 
however, is more of the nature of a mechanical permeation and is usually in the form 
of felspathlzation. The significance of this process will be referred to in connection 
with the origin of the Aibury gneiss. 

in. The Okdovician iNTHUflivKs. 

1. THE BILLS AND BHEEl’H. 

In describing the general geology of the Aibury district (Joplin, 1944), it was 
pointed out that sills are very numerous among the Ordovician schists near Aibury, 
and reference to the map (Plate xv) in the present paper will show that they have 
been mapped as a zone which is superimposed upon the higher grade metamorphlc zones. 
In an earlier paper (Joplin, 1944, Fig. 1) a traverse along North Street shows sixteen 
sills of variable width in a distance of a quarter of a mile and a similar concentration of 
sills may be observed almost anywhere within the zone of sills. The size of the 
Intrusions varies from the large Rocky Hill Sheet, which is about 600 feet In width, 
to smaller sheets of about 60 feet, down to sills of only a few inches. In these 
intrusions two main rock-types may be recognized. The Rocky Hill Sheet consists of 
an oUgoclase granite, and the smaller sheets are usually composed of an aplite or micro- 
granite in which oligoclase is a prominent constituent. The other type is a pegmatite 
grading on the one hand into a greisen and on the other into a schorl. One or other of 
these types usually constitutes a small single sill, and, as previously indicated (1944), 
the larger sills and sheets show sudden variations from fine aplite to coarse pegmatite, 
but there appears to be no regular arrangement with regard to the disposition of these 
types and they sometimes grade into one another. Very close examination of the sheets, 
however, suggests that the pegmatite is slightly later, the pegmatite veins possibly 
Invading the sheets whilst they were still hot. Read (1931, p. 145) suggests a similar 
relation In the Loch Cholre Complex. 

In the general paper (1944) it was suggested that both the Rocky Hill granite and 
the Run Boundary granite occurred as Ordovician phacoliths since, where It is possible 
to discern their contacts, tliey appear to be concordant with the surrounding schists. 
Detailed petrographical work has confirmed this suggestion with regard to Rocky Hill, 
but, though sheet-like in habit, the Run Boundary granite appears to be more closely 
related to the younger granites, which are briefly described below (p. 119). 

(a). Oligoclase OraniteSf Microgranites and Aplites. 

This rock-type occurs in the sheets and larger sills, the Rocky Hill Sheet being 
the largest. 

The Rocky Hill granite is invaded by pegmatite but the main mass is an oligoclase 
granite containing red garnet. The average gralnsize Is from 2-3 mm. and the fabric 
allotrlomorphic granular, except tor the garnet, which occurs in well-formed crystals 
which may be xenoblasts. The constituent minerals are quartz, oligoclase, orthoclase 
(sometimes mlcroperthite and/or micropegmatite), blotite and muscovite with zircons 
as numerous inclusions in the blotite. Garnet forms small (0-5 mm. or less) idioblasts 
often associated with micas which occur in trails suggestive of resorbed sedimentary 
fragments, and partly sericitized grains of andalusite sometimes occur. Associated 
small areas of fine granular quartz also suggest a xenolithic origin for these minerals, 
although the occasional bending of micas and undulose extinction in quartz suggests 
that the fine patches may be due to granulation. The Rocky Hill granite shows variations 
from place to place and Bometlmea biotite is absent and the rock appears to grade into 
a pegmatite. 

A sheet occurring on the track between Jindera Gap and Hamilton Trig, also 
contains red garnet, but in this case it occurs in large {2 mm.) Irregular grains. 
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The sheet at the northern end of Eaatern Hills is made up largely of oligoclase 
microgranite or aplite, but pegmatite-injection appears to have followed cloaely. This 
has a grainslze of about 0-75 mm. and is hypldlomorphlc granular. It contains quarts 
and small grains of mi crocline and the ollgoclase is Idlomorphlc against these* 
Sericltlzed grains of andalusite associated with trails of muscovite suggest sedimentary 
rafts. A somewhat similar type occurs in the large sill which has been quarried at 
the western end of Worth Street, but here the pegmatitic phase is more prominent. 
Obviously, these rocks are slightly contaminated, though far less so than the gneisses 
described below, and it is likely that the original magma contained only the ingredients 
of quartz, oligoclase and potash felspar. 

These rocks compare in composition with the quartz-felspar injection type described 
and analysed by Tattam (1929, pp. 25 and 38), who refers to the occurrence of garnets 
In an acid Jeiicocratic type at Kergunyah Gap (p. 24), Tawonga (p. 26), and in the 
Mitta Mitta Region (p. 27). A muscovite granite from Omeo is evidently of the same 
magma-type and Is compared in Table 6. Furthermore, these rocks bear a close chemical 
resemblance to the albite-muscovitc gneiss at Cooma (Joplin, 1942, p. 189), which was 
believed to represent an altered phase of the Cooma gneiss, but in view of the 
composition of the Albury sheets, is now considered to be a Bei)arate marginal injection 
of this magma-type. Reference to Table 6 will show that alumina is a little high for 
rocks of this silica percentage. Furthermore, alkalies are high, and although potash is 
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V. Albltc-nuiRcovite Ondns. Dry Plain Boad, Tor. 161, Par. of lilnjtira. Anal. G. A. Joplin. 
pRoc. hiRN. Sor. K.8.W., 67, 1042 : 188. 

always a little in excess of soda, they are not strikingly different, as is the case In the 
pegmatites (Table 7)* Comparison of these two tables will show that although the 
silica i>evcentage is approximately similar In both rock-types they differ with regard to 
alumina, magnesia and alkalies, especially with respect to potash and soda. Although 
closely associated in the slUa and sheets the ollgoclase granites, therefore, appear to 
represent a distinctly different magma from that which gave rise to the pegmatites* 
although they may be related by differentiation. 

The chemical uniformity of the oligoclase granites almost precludes the possibility 
of much contamination, and the analyses in Table 6 probably represent a true tnSbgma* 
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type, although it is shown helow (Table 12) that with extensive contamination a 
certain degree of stability may be reached and a fairly uniform rock*type formed. 

(b). Pegmatites, Oreisens and SchorU, 

The Held relation of the pegmatites and oligoclaae granites and aplites has already 
been discussed. In hand-specimen the former are either coarse and massive or may 
show a graphic structure wliich may be very coarse or extremely fine. In the coarse 
graphic types grains of microcline may measure over 2 Inches, but in the more common 
finely graphic types they average about 2 mm. with the intergrown quartz units 
measuring about 0*6 mm. or less. Sometimes the quartz shows slight granulation or 
undulose extinction indicating some post-consolidation movement, but this is not a 
notable feature as is the case in the Cooma pegmatites. Sometimes tourmaline forms 
a fine graphic intergrowth with tlje quartz units, which aie themselves intergrown with 
the microcline. In some rocks the microcline is partly albitized and Is thus a microcline- 
microperthite. Reference to Table 7, Anal. IV, will show that the soda is a good deal 
higher and the potash correspondingly lower in the albltized type. Oligoclase and 
muscovite are usually present in varying amount and biotite is occasionally present. 
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With increase in muscovite and an accompanying decrease in felspar the rocks grade 
Into grelsens — books of white mica often measuring an Inch or more across. In some 
types the muscovite is plumose in its development and radiating masses may measure up 
to 8 Inches. With increase In tourmaline the pegmatites grade through tourmaline 
pegmatites Into schorls. In thin section the tourmaline is blue or brown and often 
zoned. In the coarser types of schorl or pegmatite tlie tourmaline crystals measure 
over 2 inches in length. Small veins of almost pure tourmaline frequently cut the 
two-mica gneiss and these may be seen very well on the Howlong Road between the west 
end of Smollett Street and the West Albury Post Office. 

2. THE CONTAMINATED GNEtSBES. 

Reference to the map (Plate xv) will show that gneisses occur within the town of 
Albury beneath Monumejit Hill, on the shore of the northern arm of the Hume Reservoir, 
n«far Weomargama, and north of Jingelllc about 10 miles along the Tumbarumbn Road. 

All these gneisses are contaminated with sedimentary material and among them two 
types are recognised — one characteristically containing cordierite, the other a more acid 
type particularly rich in mica. The latter bears a dose resemblance to the Cooma gneiss. 
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(a). Cordierite-heurinp Gneisses, 

This tym is developed along the northern and western shore of the Bowna Arm of 
the Hume Reservoir and large remnants of it occur in a younger granite which has been 
quarried for the construction of the dam wall. Fresh material from this quarry has 
been briefly described in an earlier paper (Joplin, 1944), where it was pointed out that 
it bore such a close resemblance to the Bethanga gneiss of Victoria, described by Tattam, 
that it seemed desli'able to use the same name. 

Further, in this earlier paper it was suggested that the gneiss developed on the 
western shore of the reservoir north of the quarry was possibly another type. Though 
deeply weathered, it appeared to be non-porphyrltic, to contain no garnets and often to 
show lit'par^lit injection. In view of this uncertainty it was tentatively named the 
Bowna gneiss. Since examining a still more northerly mass, however, it seems fairly 
evident that it is a local phase of the cordierlte-beartng gneiss, though the weathering 
prevents the recognition of some of the characteristic mlnerals. 

Both field and microscopic studies point to the contamination of the cordierlte- 
bearing gneiss, and before proceeding to a description of the gneiss, It is desirable first 
to examine the xenoliths which are very numerous and are no doubt responsible for the 
contamination. 

i. The Xenoliths, 

Xenoliths of all sizes and degrees of resorption occur within the cordierlte-bearing 
gneiss. They arc best studied in the quarry, For. 65, Parish of Thurgona. where two 
main types may be recognized— a basic granuUte and an aluminous pcllte. The former 
usually forms the larger inclusions and may measure up to 2 feet across. The smaller 
pelitic xenoliths are by far the most numerous and the most modified. They show 
considerable resorption and variation in size and are often represented only by tiny 
wisps, a single microsection often containing several in different stages of resorption. 
The pelltes also show differences of composition, there being present slllca-rlch and 
silica-poor types. 

(a). OranuHtes . — The granuUtes present evidence of strong thermal metamorphlsm, 
but there is little evidence of assimilation — a fact noted with regard to the basic 
granulites at Cooma (Joplin, 1942), where reference was made to similar observations 
by Read (1927). Three types of granulite have been recognized and these are frequently 
Interbedded. A pyroxene-bearing type possibly represents a basic igneous rock — a 
basalt or dolerite (see Table 4, Anal. I); a garnet-bearing type may represent an 
admixture of sedimentary and basic igneous material and is possibly tuftaceous; and 
a plagloclase-biot ite assemblage appears to be a related type still richer in the sedimentary 
material (see Fig. 2). 

The pyroxene granulites are dense, granular rocks varying from dark purplish-grey 
to a greenish coloui* according to the presence or absence of blotlte. Under the microscope 
these rocks are often seen to be blastoporphyritlc in plagloclase, large (3 mm.), recrystal- 
llzed grains of labrador ite (AbafiAn^R) occurring In a granoblastic groundmass of 
iabradorite, diopside, biotite, magnetite, apatite and quartz (Fig. 2, A). The original 
felspar phenocrysts show nibbled margins, complicated Interpenetration twinning and 
irregular Inclusions of quartz. Sometimes the felspar shows alteration to white mica. 
Reference to Table 4 will show that this rock compares with rocks of the Porphyrltic 
Central Magma Type (Bailey and Thomas, 1924) which Is characterized by the develop- 
ment of plagloclase phenocrysts. 

The plagloclase of the groundmass is not well twinned and often occurs in irregular 
grains (0'16~0*6 mm.) intergrown with diopside, biotite and quartz. Quartz grains are 
sporadic In their distribution and those occurring as inclusions in the larger felspars are 
comparable in size with those of the groundmass. 

A type without biotite is much richer In quartz, suggesting an admixture of psam- 
mitic material. Diopside is usually fresh, but in certain banded types, alteration to an 
amphibole occurs and seems to mark the first stage In the disintegration of the xenollth. 
In certain types the quartz and felspar show slight elongation and the schlstoBlty Is 
further emphasized by the amphlbollzatlon of the pyroxene, some of which may have 
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developed prior to asalniilation. In some types sphena is abundant, especially in the 
case of biotlte-poor varieties, thus suggesting the entrance of titania into the biotite- 
molecule. 

The most common type of granulite is a garnet-plagioclaae-blotite-quartz assemblage 
(Fig. 2, B), but a good deal of variation is shown in the relative abundance of these four 



Pig. 2. — Granulite xenolitha 

A. Granulite showing blastoporphyritlc structure; a large crystal of labradorite, on the 
right, is surrounded by a granoblastlc groundmass of diopside, biotlte. plagioclase and quartz. 

X 16. 

B. Granulite consisting of a granoblastic mass of garnet, plagioclase, biotlte, quarts and 
magnetite, x 16. 

C. Granulite showing large porphyroblasts of plagioclase with a sieve-structure in a 
granoblastic mass of biotlte, plagtotdase and quartz, x 16. 
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constltuonte. Magnetite* is usually a minor accessory, but may be fairly abu&daut in 
some types. Ked garnet forms irregular poiklloblasta and sometimes shows alteration 
into chlorite. This alteration is particularly common in banded types that also show 
alteration of pyroxene to amphibole and may thus evidence either dynamic metamorphlsm 
or reaction. 

Occasionally a graiiuilte, consisting of red-brown bloUte, basic plagloclase and auartz. 
occurs interbedded with the garnet-bearing or pyroxene-bearing varieties. These j^ocks 
are usually finer in grainslze, but may contain large porphyroblasts of plagloclase 
exhibiting a sieve-structure (l^ig. 2. C). 

(6). Pchtc.s. — Aluminous pelltes are by fer the most numerous and the most 
modified of the xenollths in the cordlerite-bearing gneiss, and, as noted above, both 
silica-poor and silica-rich types occur. 

All these xenollths are strongly metamorphosed and usually show evidence of 
reaction with the gnelssic magma. Although It is impossible completely to separate 
the two processes, and there has undoubtedly been an overlap In the time that each 
occurred, an attempt will be made to describe first the changes brought about solely by 
thermal or pyrometamorphisra, and then those due to reaction. 

The most common type of xenollth Is a cordierlte-si 1 liman ite-spinel assemblage in 
which red-brown blotite is a prominent constituent. This rock may be banded, some 
seams richer in silUmanlte and others In cordlerite, and this difference can no doubt be 
correlated with seams of slightly different composition in the original sediment (Fig. 3, 
A, B), The sillimanito occurs as malted skeins of elongated fibres or as stout rods with 
a diagonal cleavage in cross-section. Cordlerite forms large irregular grains enclosing 
the other minerals (Fig. 3, B) or as groups of small irregular grains. Zircons, 
surrounded by pleochrolc halos, are common inclusions. The cordlerite Is very suscep- 
tible to alteration, and although the alteration products have not all been satisfactorily 
determined, serioite, chlorite and Isotropic pinite have been recognized. Spinel forms 



Fig. 3. 

A. Band (Ml hornf*^‘lH xenoJith »how!nfi seams of sllllmanlte-nplneMdotite-magnotite and 
roraiorite-sirnmanlte-Bpinohbiotltft-magTiethe a»semblni?<s». Note partial alteration of cordlerite. 
y 16. 

B. XeiiolHh showing large crystals of cordierite onclosing spinel, saUmanlte, blotite and 
magnetite. Smaller grains of cordlerite, partly altered, also ocxiur. At the top of the figure 
the contaminated gneiss consisting of quart*, biotlte and altered cordierite, is adjacent to the 
xenoUth which is fringed by larger fiakee of biotlte. x 16, 
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clusters ot small octahedral crystals or minute irregular grains which vary in colour 
from light to dark green or to purplish-brown. They are usually associated with 
aggregates of magnetite granules and sometimes mantle the iron ore. Biotite, evidently 
rich In the haughtonlte-molecule. occurs in small irregular Dtakes within the cordlerite 
or is intergrown with the sillimanUe. Sometimes it forms large flakes surrounding the 
xeuolitli and appears to have developed as a result of leaction with the magma 
(Fig. 3, B). Inclusions of zircon are abundant in the biotite. 

Sillca-rlch assemblages are interbedded with silica-poor seams and two types 
containing red garnet have arisen as the result of the pyrometamorphisin of the silica- 
rich aluminous pelites. These are gamet-sillimanite-cordierlte and garnet-cordlejite 
assemblages, lied -brown biotite Is characteristic of both types and the cordlerite shows 
features similar to those described above. The garnet forms large Irregular grains 
which may measure up to 10 mm. It is usually surrounded by a narrow margin of 
chloritlc material and is freciuenUy in direct contact with quartz grains (Fig. 4, A). 
Occasionally the garnet is clouded with filaments of sillimanite, a feature observed by 
Tattam (1929, p. 28) in the Bethanga gneiss of Victoria. Miss Helen McRoberts, B.Sc., 
has kindly determined the refractive Index of this garnet as 180, and the chemical 
composition is as follows; 
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From the above calculation it would seem that the whole of the ferric iron enters 
the group of divalent elements, and Alderman (1935) has noted that this substitution is 
common in almandine-rich garnets. The calculation further shows that the analysis is 
a little low in the divalent elements, and this would in i)art account for the presence of 
the large proportion of normative Blllimanite, though it was noted that this mineral 
was often present as minute Inclusions in the garnet, and It is possible that the analysed 
sample had not been completely freed from them. Reference to Alderman’s diagram 
(1986, Fig. 3) will show that this garnet, rich in the almandine and apessartine 
molecules, falls within the composition field of the garnets characteristic of sedimentary 
schists. 

As mentioned above, it is dlfllcult to dissociate completely the effects produced by 
thermal metamorphlam from those due to reaction with the magma, and matters are 
further complicated by changes that may have been superimposed by the later Invasion 
of the younger (Hawkesvtew) granite. 

An early stage in the assimilation of the garnetlferous xenoltths is marked by the 
development of green mica along cracks In the garnet, and finally, by the separation of 
minute magnetite granules (Fig. 4, B). Nevertheless, garnet appears fairly stable and 
other minerals associated with it in the hornfels-stage disappear first, isolating the large 
irregular garnets which thus appear to be the products of crystallization from a 
contaminated magma. In handflt>eclmen the cordierlte-bearing gneiss exhibits patches 
red garnet up to half an inch in diameter, and their origin is attributed to this 
cause. The red-brown biotite of the original homfels becomes bleached or chlorltlzed 
during assimilation and there Is a concomitant separation of rutile needles in the form 


I 
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Of a sagenite-web. The cordierite is completely broken down into chlorite, serlclte and 
pinlte (Fig, 4. B). 

The Bilica-poor xenoUths show a more marked reaction with the magma. Again, 
the cordierite becomes clianged into chlorite, sericlte and pinlte, and this change appears 
to have taken plact^ long before the serlcitlzation of the sUlimanite, unaltered Blllimanite 



Fig. 4. 

A. Banded xennllth 8h()wlng seaniK of silica-poor and sihca-free hornfcls. A large 
irregnUir grain of garnoi, bordered by chlorite and intimately aHsoclalcd with quartz, occurs 
in ii cordierlte-biot Itc asHemblage and thi.s adjoins a type consisting of spinel, Blllimanite and 
filtered cordierite. x 16. 

B. Xenollth of garnet-cordierlte-blotitc hornfels showing reaction with enclosing magma. 
The small mass of garnet, just above the centre of the figure, shows alteration into Chlorite and 
magnetite granules, cordierite is scricltized and chlorltlaed and biotile is chlorltlzed and 
bleached. In the lower part of the figure the gneiss, consisting of orthoclase and quartz, 
shows chlorltizafion and serfcltlzatlon of the felBpar. x 16. 

occurring with spinel, blotite and magnetite in a base of serlclte and chlorite (Fig. B, B). 
Large flakes of muscovite may develop within the xenolith and these seem to be a 
product of interaction between xenollth and magma rather than one of magmatic 
crystallization (Fig. B, A). Schistosity and plications are often preserved within the 
xenollth even after much reaction has taken place. Spinel Is very stable and often 
occurs as small granules in wisps of chlorite and serlclte that mark the position of an 
almost (’ompletely resorbed fragment. The final product of reaction Is a criss-cross 
mass of mica in which muscovite Is the moat important constituent. 

Spinel-bearing xenoUths are not uncommon in basic Igneous rocks (Head, 1932), 
but it is very unusual for them to occur in a rock so acid as the cord! e rite-bearing gneiss 
(Table 8, Anal. I). Moreover, their developpient is even more puzzling In that there is 
no evidence of siUca*poor types among the original sediments, unless such occur as 
restricted bands among the normal pelites. Tattam (1929) refers to the occurrence of 
spinel in the “dots'* of the Bethanga gneiss of Victoria, but makes no attempt to explain 
the anomaly. This matler is discussed further, below, where some attempt is made to 
account for the genesis of this assemblage. 

li. The Onei&aes, 

In handspecimen the cordlerlte-bearlng gneiss is a porphyrltlc rock with the 
phenocrysts varying both in slae and concentration. Large clusters of red garnet up 
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FIr. B. 

A. Cordlerite-8iIlimHnitu-bi<>t it<i-Kpl»al xeiiollth Hhowinff aU^ration of oordierite and devolop- 
mont of largt! flakes of Tnnseovite. Spinal is not well represented in thin field, but is more 
abundant elsewhere in the slide, x Iti. 

B. L»nter stage in the resorption of the same xenollth. riieation of original schist is 
visible in NE. quadrant where sllllmanite occurs in the fold axes. SilUmanite, spinel, magnetite 
and biotile occur In a mass of chlorite and serlcite which represents altered cordierite. The 
remains of a little fresh eordlerlte are seen near the top of the figure and pleochroic halos about 
ssircon inclusions are visible, x 16. 

to half an inch across are common and the rock is crowded with xenoliths of all sizes 
and in all stages of disintegration. The lighter part of the gneiss has a slightly greasy 
greenish appearance which is no doubt due to the presence of cordierite. This mineral 
may be in part xenocrystal, but the greater part of it appears to be pyrogenic and to 
have crystallized from the contaminated magma. Although the gneiss has a fairly 
uniform mineral constitution, it shows a great deal of variation both in grain size and 
in the relative proportions of the minerals present. This is to be expected in a highly* 
contaminated rock in which xenoliths of different composition are present in various 
stages of assimilation. Nevertheless, a type showing some degree of uniformity Is 
regarded as a close approach to the end-product of assimilation, and this type may be 
called a cordierlte-bearing gneiss. 

In the immediate vicinity of the pelitic xenoliths heavy chloritizatlon.and greiseniza- 
tion of the orthoclase, and sometimes of the less abundant plagloclase, Is apparent. The 
blotlte Is chloritlzed and bleached with separation of rutile in tlie form of a aagenite-web 
(Fig. 6, A). The altered cordierite associated with this contaminated phase is probably 
xenocrystal and represents fragments wedged off from the xenolith. 

Another highly-contaminated type, usually in juxtaposition to a xenolith of 
aluminous polite, consists largely of fairly fresh cordierite, large flakes of led-brown 
blotlte, red garnet (sometimes containing mats of silllmanite needles) quartz, usually 
orthoclase and a certain amount of chlorite. 

The two types referred to above are obviously highly contaminated and bear no 
resemblance to an igneous rock, but the cordlerite-bearlng gneiss described below is 
essentially igneous, and although not a true representative of the original magma» it is 
the closest approximation that could be obtained, and the analysis given in Table $ 
represents a rock from which all macroscopic xenoliths and garnets have been removed. 
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It Is thus freed from material causlag mechanical contaminatioa and the chemical 
composition U believed to reflect the chemical contamination. 

Under the mlcrow^ope the rock is porphyrltlc and the average gralnalze of the 
gioundmasB is about 2 mm. The phenocrysts consist of orthoclase and the groundmass 
is made up of quartz, orthoclase, andesine, cordlerlte, blotite, muscovite, chlorite, serlcite, 
magnetite, zircon and rutile. Myrmekite Is sometimes present, and the presence of 
sllllmanite rods associated with sericite, chlorite and cordlerite Indicates an unstable 
assemblage in which reaction has not reached completion. 



Fis?. 6, 

A. A hl)?hly-ct.mtarii mated »J:neia8 at niarKln of xenoUth. A Bmall ( luwier of Mplnel granules, 
near tiio top of the figure, is ernhoddod in altered cordlerite, marking the remains of a xenoHth 
which extends down the right side of the figure, It consists mainly of altered cordlerite, with 
pleochroic haUm. and hlotlte. A little fresh cordierite is present in the NE. quadrant. At the 
margin of the xcnolith, orthoclase is both chlorltlised and sericltized. plagioclaso is unaffectod 
and biolite is bleached with a separation of rutile needles, x 1(1. 

B. Contaminated gneiss consisting of quartz, plaglnclase, orthoclase, muscovite, biotlte 
(partly altered), sub Id tom Orphic pyrogenic cordlerite (completely altered), apatite and etreon. 
< Ki. 


Part of the (;rystalllzation of the orthoclase phenocrysts appears to have been 
contemporaneous with that of the groundmass minerals, for there Is an interlocking 
of the mineral grains about the margins of the phenocrysts. Some phenocrysts, 
containing numerous rounded grains of quartz and small flakes of red-brown blotite. 
suggest that the felspar has wedged apart and enveloped a granuUte xenolltb. Some- 
times a fan-shaped mass (3 mm. in length) of sillimanite represents the envelopment 
of an aluminous pelite xenollth. Orthoclase also occurs as irregular grains In the 
groundmass where it is usually interlocked with quartz, andesine and cordlerite. 
Marginal incursions of myrmekite are common and very small areas of graphically 
Intergrown quartz sometimes occur. The orthoclase often shows alteration into serlcite 
and kaolin and is occasionally almost completely pseudomorphed by these minerals. 

Quartz is abundant and forms large Irregular grains often acting as wedges In the 
mechanical disintegration of the xeuollths (Nockolds. 1933). Smalt quartz grains occur- 
ring as Inclusions suggest a sedimentary origin, 

Andesine (Ab^An*,) usually forms irregular grains intergrown with the other 
minerals of the groundmass, but may form large grains which help further In tihe 
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proce&s of mechanicul dlB Integration of the xenolith. Periclase twinning is sometimes 
present in addition to the alblte-type and sericitization of the plagioclase is fairly 
common. 

Cordierlte, fresh, partly altered, or completely pseudomorphed, is a constant 
constituent of the cordierlte-bearing gneiss, and though in some instances it appeals to 
be xenocrystal, it seems more often to have crystallized from a highly-contaminated 
magma. Tlie cordierite, or its pseudomorphs, is subidiomorphic against quartz and 
felspar, thus suggesting a pyrogenic origin (Fig. 6, B). Alteration to a chloritic 
material, possibly pinite, and to sericite is common, and when both types of alteration 
are present, sericltizntion follows pinitization. Inclusions of zircon are frequent and 
these show pleochroic halos both in the fresh cordierite and in its pseudomorphs. The 
outcrop of gneiss on the northern end of the Bowna Arm of the reservoir contains 
abundant cordierite showing alteration into bright orange, isotropic pinite, but owing 
to the weathering of most of these rocks, their petrography has not been studied in 
detail. It se^ms certain, however, that they represent a northern continuation of the 
gneiss examined at the quarry and they can certainly be grouped with the cordierite- 
bearlng gneisses, though their cordierite is usually xenocrystal. 

Biotite occurs In red-brown flakes as well as in masses of chloritized and bleached 
flakes containing a sagenite-web of rutile needles and soinelimea elongated granules of 
sphene. Lenses of chlorite are very common and there is some suggestion that the 
groups of bleached flakes represent an earlier unstable crystallization of magmatic 
biotite not completely in equilibrium with a magma which is becoming more and more 
contaminated. Red-brown biotite, probably rich in the haughtonite-molecule, is probably 
a stable crystallization from the contaminated magma. This point, howev(*r, is still open 
to doubt as the red biotite occasionally appears to be breaking down in the same way. 
Nevertheless, this alteration may belong to a much later period when the cordlerite- 
bearing gneiss was engulfed by the Hawks view granite. Zircon inclusions with their 
characteristic pleochroic halos are always present. 

Muscovite occurs as independent flakes up to about 1*5 mm., and is sometimes in 
parallel intergrowth with biotite. It also occurs in radiating tufts in masses of sericite 
which is the alteration product of felspar and cordierite. 

Apatite is sporadic in its occurrence and may be quite abundant, forming crystals 
up to 0’5 mm. across. 
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The analysis of the cordierlte-bearlng gneiss shows It to be an intermediate rock, 
but the excess of magnesia over lime and of potash over soda Indicates that it is not a 
normal typo and has arisen as the result of magmatic contamination, magnesia and 
potash having been derived from the xenolithlc material. 

In Table 8 the analysis of the cordierite-bearing gneiss is compared with the 
average analyses of two common normal igneous rocks, both members of the grano- 
dlorite clan, and having a silica percentage similar to that of the gneiss. In Table 9 
the norms of these three analyses are compared, and the greater amount of corundum 
and of hypersthene in the gneiss bears striking testimony to the fact that cord ter Ite is 
present in the mode. In the normal, uncontaminated rocks the higher lime and soda 
are further responsible for the lower corundum as these combine with the alumina to 
give the greater amounts of anorthite and albite, respectively. 
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iii. The Vontmnination Process, 

Obviously the magma has been contaminated by the addition of magnesia, alumina 
and potash. The addition of magnesia finds mincraloglcal expression in the chloritization 
of felspars and of blotite and in the development of pyrogenic cordierite. According to 
Tilley (1940), the idiomorphic outline of the cordierite in the pegmatites from the 
moraines of Cape Denison, Antarctica, indicates that lt“ has crystallized from a 
contaminated magma, and is not xenocrystal material; and a similar origin is suggested 
by the subidiomorphic development of the cordierite in the cordierlte-bearlng gneiss. The 
cordierite of the cordierite-apiile and pegmatite of Broken Hill (Browne, 1922) is also 
believed to be pyrogenic. The altered cordierite in the gneiss on the northern shore of 
the reservoir in the Parish of Bowna is, however, probably xenocrystal and the contamina- 
tion process purely a mechanical one. 

In the cordierite-bearing gneiss of the quarry the orthoclase forms phenocrysts and 
these often show chloritization as a result of reaction with the xenoliths, so it seems 
likely tiuit this felspar had started to crystallize before the liquid fraction had been mucli 
affected by contamination. 

It la reasonable to assume that both granulite and pellte xenoliths have played their 
pai t in the contamination process. Although the latter xenoliths are smaller and appear 
to be more numerous, this might be explained by the fact that the granuUtes were more 
readily assimilated and the larger, comparatively unaltered masses now present are 
those that were caught up by the magma during the late stages of its crystallization 
after reaction had ceased. The pelltes on the other hand represent the small fragments 
that the magma was unable to digest after a good deal of reaction and mechanical 
illaintegi'ation had taken place. 

Bowen (1922) and Nockolds (1933) have shown that if a xenolith contains minerals 
that represent phases lower In the reaction series than those with which the magma is 
in equilibrium, then they tend to become part of the magma by precipitating phases 
with which it is saturated. This process also assists in the mechanical disintegration 
of the xenolith. 

It has been shown that the granuUtes consist usually of labradorite. diopslde, blotite, 
quartz, magnetite and apatite. Biotite and quartz would probably be lower In the 
reaction series than the mlnemls being precipitated by the magma, whilst the plagioclase 
and diopslde would readily react with It to give a more acid plagioclase and a greater 
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auantity of blotito» thus enriching the magma In lime and magnesia. These reaction 
processes would have been accelerated by the disintegration of the xenolith owing to 
the melting out of the low-phase constituents, quartz and biotlte; the effect is thus 
twofold. 

In the case of the pelltic xenollths, the process would have been again both 
mechanical and chemical, but as the composition of these rocks is so much further 
removed from that of an igneous magma, it is not surprising to find them a little less 
digestible. Thus the magma was not always able to deal with the large quantities 
of alumina Introduced, and though much sericitlzation of slUlmanlte has taken place, 
some still remains unaltered in the incompletely resorbed xenollths. 

Table 10 shows the analysis of a spinel-bearing xenolith where it is compared with 
xenollths and contact rocks from other parts of the Victorian Complex and with the 
average analysis of eleven norma! pelites — the sedimentary type from which It was 
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I. SlUlinftnite-cordh’rito-fiplijrl XcnoHtli In Bi'thaiiga GiicImh. Huin«> Kiw‘rvolr Quarry, Por, ori, 
par, of Thiiofonti. Anal O. A. Joplin. 

Tl. MIcaocmis Xwiolitli In Granite, Mt. Wagra. Anal. C. M. Tattani. (hoi. Surv. Vivt., Pull. r>2, 

1020: 35. 

in. Metamorphle Gnelan, Little Uiver, En»ay. Anal. A. W. Ilowitt. Prot\ Hnu. Sor, PVrf., 

22, IHRtt : 75. 

IV. Mlca-«ohi«t. lllnnunjll Moraart, Oineo. Ihtd., 24 : 107. Anal. A. W. Howlti. 

V. Average Journal Pellte (11 analyaoB). Sec Table 1. Ah the ratio of FeO/Fe,0, varies with 
the <legn«e of metanion»hiHTn, U'Jtal ferrlo oxide Ih given In the average. 

possibly derived. The xenolith has undoubtedly been Influenced by reaction with the 
magma and is not solely the product of pyrometamorphism. As Iron oxides, alumina 
and magnesia are higher In the xenolith than In the average pelite, there appears to 
have been some selective reaction and a storing up of these constituents within the 
xenolith. This may be accounted for by assuming that certain minerals lower in the 
reaction series than those being precipitated by the magma were dissolved out, thereby 
enriching the xenolith In phases higher in the reaction series and not so readily 
assimilated by the magma. 

The knotted schists of the andalusite-zone at Cooma (Joplin, 1942) were believed 
to have formed as a contact-zone about the Cooma gneiss, and the knotted schists of the 
Albury region probably bear a similar relation to the igneous material. Thus it cannot 
be assumed that the knotted schists were already formed and completely stable at the 
time of their immersion by the magma, but it Is not unreasonable to assume that some 
segregation of chlorite and of iron ores had already taken place as the magma worked 
Its way up beneath the sediments and subjected them to a gradually increasing tempera- 
ture. Such an early spotting is a common feature of normal contact-zones and may take 
place well outside the hornfels zone at some distance from the igneous body. Such clots 
of chlorite (probably with some sericlte) were undoubtedly surrounded by a base very 
Similar in composition to the aggregate surrounding the ’'knots'* of the more highly- 
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developed knotted schists and referred to by Tattam (1929) as a two-mica base. It has 
already been stated that the psammopelite is the most common type of sediment In 
this district, and these rocks contain varying amounts of quartz associated with the 
micas of the base. Thus the base of these rocks, at the time of the invasion of the 
granite, probably consisted of quartz, sericite and a little chlorite. These minerals 
being low in the reaction-series would dissolve in the magma (Type I, Nockolds, 1933), 
leaving the Incipionl knots or any chlorite-rich bands that might have been present in 
the psammopelite. Subsequently those solid bodies, rich in alumina, magnesia and iron 
oxides, were altered by pyrometamorphism to give cordierite-spinel-slllimanite 
assemblages (see Equations, p. 112). 

Keference to Table 10 suggests that the xenolith has gained soda and lime from the 
magma and has probably contributed potash. Although the analysis of the xenolith 
shows high alumina and magnesia there is little doubt that small quantities of both 
have been added to the magma, this being masked by the storing up of these constituents 
within the xenolith. Most of the magnesia and alumina added to the magma, however, 
would have been derived from the lower phase minerals of the base. 

The more siliceous types of psammopelite suffered a similar disintegration by the 
solution of the low-grade minerals, but in this case there was sufficient silica present In 
the incipient spots to give rise to garnet under the appropriate conditions of pyrometa- 
mori>hi8ni. 

Thus both granulltes and pelites have contributed towards the contamination of the 
magma. This has been brought about first by a solution of the lower phase minerals 
and an accompanying mechanical disintegration and segregation of the constituents of 
higher melting-point and later by reciprocal reaction between the magma and undissolved 
xeuoliths, the latter in the meantime having been subjected to pyrometamorphism. 

The chemical effects of the contamination process may be represented diagram* 
matically thus: 

Granullte ^ ^ Magma Pellte ^ \ Magma 

^ K.0 + Na,0 + SIO, ^ Na.O I CaO 

iv. ChvmivMl IHscuuHion. 

Apart from the two contaminated gneisses at present under discussion the only 
othei’ Ordovician igneous rocks of this area are the ollgoclase granites and the 
pegmatites described above. Of these the first are the more abundant, and form the 
larger sills, so it Is not unreasonable to assume that it was a magma of this type which 
became contaminated to form the cordierlte-bearing gneiss. 

Although the calculation of a theoretical analysis is highly speculative, there is 
good evidence to show that contamination has taken place and that both basic granulltes 
and pelites have played their part in bringing It about. Heferenco to Table 6 will show 
that the ollgoclase granites, which possibly represent the parent magma, contain much 
less lime than the cordierlte-bearing gneiss (Table 8), and to calculate a theoretical 
rock of this composition, it is necessary to add both granullte and pelite as presupposed 
in the above discussion and supported by the petrographlcal evidence. This could have 
been done In a single step, as was probably the case in nature, but to facilitate calcula- 
tion and to explain each step of the process, two parts of ollgoclase granite are first 
mixed with one part of the granullte and then two parts of this mixture are added to 
one pert of the base of the pelite. This means that four parts of magma react with 
three parts of country-rock, and it is thus necessary to postulate a large underlying 
magma chamber, the present surface exposures representing only the roof. Unfor- 
tunately the writer has not analysed the mica-quartz base of the psammopelitea which 
are 80 common in the Albury district; and the calculation has therefore been made on 
Tattam's analysis of a two-mica base, a type evidently free from quartz, and this 
has been le-calculated after adding sufficient slUce to make it comparable with 
that of the cordierlte-bearing gneiss (Table 11). Thus the actual amount of silica has 
been assumed, but the resultant analysis (VI) when compared with the actual analysis 
of the gneiss (VIl) shows a fairly close parallelism, and though oxides are not identical 
In the two analyses, they are of the right order, and better results might easily have 
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been obtained from other analyaes of the same rock-types as these show small variations 
among themselves as the tables throughout this communication tend to show. 

TABts n. 
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1. OtlgoclOMe-iiUcrotiliBe Graait('. Tablt; 

II. PyroxttnogruniUJtc. 8tMj ’ral>l« 4. 
in. Calculated analyKts (»)UslHtiug of two parts of I aixt oik* part of 11. 

IV. Two-mk'A bu«e, Knotted SehlHt. Anal. C. M. Tafctain. Geol. Surv. V'ict., Hull. 5*^. 1P2P ; 

V. CuUnilat/ed analyHis cnriHlsttug n{ two iMirts of Ilf and cuk* part of IV. 

VI. Aualyttls V re-caloulated na explained in text. 

V U. Ttt(^ C<»rdi<rrit(v bearing timdiiH. Swj Table 8. 

V. Mineral Transformations. 

In the above discussion on the contamination of the gneiss, it was suggested that 
the silica-poor assemblages arose either from spots representing the incipient knots of 
the knotted schists or from very restricted chlorite-rich bands in the psamniopeliteB. 

Before pyrometamorphlsm occurred, therefore, it must be assumed that such spots 
or seams have been isolated from their more siliceous lower melting-point base by 
solution in the magma. The solid, Insoluble material has been strewn about in the 
magma, therefore, to form the minute silica-poor .xenoliths which are not very apparent 
in handspecimen but which appear so numerous under the microscope. 

Mineral transformations due to pyrometamorphlsm, or very high-grade thermal 
metamorphism due to immersion, will first be considered with regard to the pelitic 
xenoliths and then reaction changes will be dealt with. As no very noteworthy changes 
take place during the pyrometamorphlsm and subsequent assimilation of the basic 
granulJtes, these will not be considered. 

(a). Pprontetamorphism . — At the time of immersion, the Incipient spots In the 
schists probably consisted mainly of chlorite, iron ores and serlclte, and the commonest 
high-grade assemblage consists of cordierite, sllHmanfte, iron-rich blotlte and spinel. 

It is probable that a very small quantity of quartz remained In the "knot'* after its 
immersion and this would have been used in converting chlorite and serlclte into 
cordierite, sillimanite and biotite. Unfortunately the chemical (composition of this 
chlorite is unknown, but as the analyses of a number of pelites are available, it is 
assumed that it contained both magnesia and alumina, probably with a greater prepon- 
derance of alumina, sa amesite is considered to be a likely composition and Is used in 
the following equations: 

2^ 4(Mg.Fe)0.2AUO,.2S10,.4H,0 12^ K,0.3AI,0.,6SIO,.2 HbO \ + IISIO, 

Chlorite (Amesite) Serlclte Quartz 

2^ KA3(Mg.Fe)0.AlA.8SI0*.2H,0 [ -V 2 (Mg.Fe) 0 . 2 AlA.. 5 S 103 + 

Biotite Cordierite 

6 \ Al,0«,8i0 \ -f 8H,0. 

Sillimanite Water 

When no further silica was available the remaining chlorite and sericite would react 
with magneUte to form an Iron-rich spinel. It was noted in the petrography that spinel 
often formed rims around the granules of magnetite. Ferric oxide probably passed out 
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to the magma, this oxide being vdiy mobile as the formation of skarns has shown. 
Biotite again arises as a result of this reaction, and though not shown in the equation, 
it might have become enriched in ferric iron. 

4(Mg.Fe)0.2Al,0„-2Si0«.4H,0 f K,0 . 3A1 A • 6Si0.2H.,0 H 3^ FeO.FeA \ ^ 
Chlorite (Amealte) SericUe Magnetite 

4{ (Mg.Fe)OAlA ^ K20.3(Mg.Pe)O.AlA 8 SlOa. 2 H 8 O ^ aFe^Og + 4H,0 
Spinel Biotlte Ferric Water 

Oxide 

In the spinel the ratio Mg/Fe is 1/7, and it has been taken as 1/1 in the other minerals. 

Among the sllica'i’ich pelite xenollths the most common type is the garnet-cordierlte- 
silUinanite-biotlte asBemblage, Blllimanlte usually clouding the garnet even when It is 
not present as a normal constituent in the body of the rock. In these rocks the quartz 
has been more abundant In the knots and seams and has either been ‘‘armoured" by 
the other minerals, and therefore incapable of being removed by solution, or the schists 
have been immersed in the magma at a time when quartz was already in phasal 
equilibrium with it. 

4(Mg.Fe)0.2Al.A.2SA.4H20 \ + KsO.3AlA.6SiO,. 2H,0 ^ 9SiO, 

Chlorite (Ainesite) Sericite Quartz 

3(MK.Fe)O.AIA.3SiO, + 2 (Mg.F'e)0.2AlA.6SiO« + 3 .{ AIA SA \ 

Garnet Cordlerlte Slllimanlte 

K„0.3(MgFc)OAlA8SlO,.2H20 4 8H,0 
Blotite Water 

(to. Heaotion . — As quartz, sericite and a little chlorite actually dissolve In the 
magma at an early stage in the assimilation process, their constituent elements become 
available for the formation of other minerals, so it is not necessary to use the formulae 
of any of these wiinerals on the magmatic side of the following equations. 

It was noted above that orthoclase was being precipitated when the magma was 
contaminated and that it was subsequently altered to chlorite and sericite as a result of 
the contamination thus: 

K,0,A1A.6S10, + 4(Mg.Fe)0 + 4A1A + 2SiO„ + 6H«0 - 
Orthoclase Oxides in contaminated Magma 

K,0.3AIA6S10,.2H,0 + 4(Mg.Fe)0.2AlA. 2Si0,.4H,0 
Sericite Chlorite 

After the high-grade metamorphism of the pelites these too suffer reaction, siUlmanlte 
being converted into sericite, and cordierite to a mixture of chlorite and sericite. For 
these changes to liave been brought about, potash must have been added by the magma, 
though it was shown above that potash was originally derived from the schist in the 
form of sericite. At this late stage, however, the magma has begun to precipitate 
pyrogenic cordierite, thus binding part of the alumina of the original sericite with 
magnesia and setting free Its potash. Obviously a quantity of both magnesia and 
alumina would have been made available earlier by the solution of. and reaction with, 
the pyroxene-granulite: 

4(Mg.Fe)0.2AlA.2SA.4H.jO -i Kfl0.3AlA.6Si0,.2Ha0 2SiO, = 

Chlorite Sericite 

2^ 2(Mg.Fe)0.2 AlA .SSiOv \ + K^O f AlA + 6H,0 
Pyrogenic Cordierite Released Oxides 

The available alumina Is used for the conversion of blotite into chlorite: 

4 ^ K,0 . 8 ( Mg . Fe ) O , AlA ■ 8Sf O, , 2H,0 [ -I 2Al A + 4H,0 = 

Blotite 

3^ 4(Mg.Fe)0,2AIa0«.2S10,.4H,0 \ 4^ 4K,0 + 26810, 

Chlorite 

Thereby a further quantity of potash is released for the serlcitlzatlon of silllmanite: 

3 \ AlA.SiO, \ + 3SA f K,0 + 2H,0 =: K,O.3AlA.6Si0u.2H,O 
Silllmanite Sericite 

Cordierite. In both xenolith and contaminated Igneous rock, is made over into a mixture 
of chlorite and sericite which is a reversal of the equation showing the genesis of 
pyrogenic cordierite: 
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2^ 2(Mg.Fe)0.2A1.0s.5S10, } + K,0 + AlA i 6H,0 
Cordlerlte 

4{Mg.F<»0.2AlA.2Si0,.4H,0 + K,0.3Al,0,.6Si0,2H,0 f 2SiO, 

Chlorlto SericiUi 

These reactions continue until equilibrium is set up and the politic xenolith consists 
entirely of a mass of chlorite and sericite, or until the magma has cooled to such an 
extent that further reaction is impossible. Thus all stages In the reaction process are 
to he found among the numerous, minute pelitic xenoliths. 

( b ) . TwO’Mioa Oneisses. 

The Albury or two-mica gneiss crops out on the Howlong Uoad, on the northern 
bank of the Murray Itiver, just below Monument Hill, the main outcrop probably being 
In Victoria. Good exposures of the gneiss may be seen In the Municipal Quarry and In 
the road cuttings between the western end of Smollett Street and West Albury Post 
Office. 

A rather similar type of gneiss occurs about 10 miles from Jingelllc on the 
Tumbarumba Road, and a sliglitly different, though closely related type, occurs just 
north of Womargama on the Holbrook Road. 

At the intersection of the roads, Pors. 107/112, Parish of Albury, just south of the 
Roman Catholic Orphanage, several tors and a weathered exposure in the road cutting 
suggest the presence of an igneous rock. Large pink felspars, often up to an inch across, 
are common and the weathere<i mass is threaded with veins of pegmatite. This occur- 
rence suggests tlie Albury gneiss, but closer examination discloses the fact that it is a 
highly-granitlzed schist, and its relation to the Albury gneiss is discussed below. 

1. Xfiuoliths and Oranitized Schiftift. 

An examination of the altered sediments on Monument Hill, in the immediate 
vicinity of the Albury gneiss, indicates that they are mainly psamniitcs and psam- 
inopelltes. Very good exposures of these may be seen in a quarry on the western side 
of the hill overlooking West Albury. At this locality the sediments are unaffected by 
granltlzatlon and the pelitic sediments occur only as very narrow bands In a great 
thickness of psammite and banded psamraopelite not unlike the corduroy granulite of 
Cooma. 

In the Municipal Quarry on the Howlong Road the gneiss is seen to be crowded 
with xenoliths in all stages of disintegration. Pelites are mainly represented by highly- 
mlcaceous patches and the less pelitic types by granuUtes and banded granulites. The 
latter usually form the larger inclusions which show little evidence of assimilation. 
Small xenoliths of granulite are not so evident as small fragments of pellte and were 
apparently more digestible just as the basic granulite was more digestible in the 
cordleidte-bearing gneiss. The large unassimilated masses of granulite were probably 
caught up at a late stage in the cooling history, but even at this stage the more schistose 
pellte was capable of being split up by mechanical disintegration and was no doubt 
already a mica-schist. Furthermore, the pelites occurred only as fairly narrow seams 
in the granulites, so at an earlier stage, when the granulite was capable of being 
assimilated, the thin rafts of micaceous schist were probably in equilibrium with the 
magma and remained as mica clots. 

In describing the granltlzed schists it has been pointed out (p. 96) that the psam- 
mltes and more psammltlc psammopelites are usually affected by felspathization, and this 
process Is significant in considering the origin of the two-mlca gneiss. 

(a). Paammiteii and Paammopelitrs. — In handspecimen these do not appear to have 
suffered an advanced stage of alteration, although some types do show obvious 
lelapathization. 

Under the microscope all stages between the slightly granitlzed psammite and the 
completely soaked and resorbed fragment can be discerned. The least altered types 
consist of a granoblastlc aggregate of quartz, muscovite and red-brown mica and the 
grainsize varies from 1-2 mm. The more pelitic varieties contain aggregates of the two 
micas which form wisps or wide swirls and sinuous streaks through the rock, indicating 
an earlier plication. Quartz and muscovite often contain needles of sllllmanlte. Zircons 
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Fie. 7. 

A. Granitized schiat showing large "phenocryiitz** of oligotnane In psammile conalstlng of 
n gru noblast ic aggregate of quartz, blotite, muscovite and altered orthoclase, A little tourma- 
line is preaent (n the NK. quadrant. 

Ten mllOH north of Jlngelllo on the Tumbarumba Road, x 16. 

B. Barge quartz, plagioclaae and orthoclaa© grains wedgwl Into achist c',on«i«tlng of blotite. 
eordierlte, quartz, orthoclase and Rilllmanite. The plagloolaae at the left of the figure And 
the quartz at the right have enveloped maBses of silllmanite. 

Near the Orphanage, Albury. x 16, 

0. Tivo-mica gnelas showing portion of large grain of microoline and long blade-1 Ike 
crystals of blotite and muw^ovlte developing in a fine granoblaatk; mana of quarts and gretoenlsed 
fftlflpar. 

Municipal Quarry, Albury, x 3 6. 
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are commonly present In the biotite. Felspathlzatlon Is usually marked by the develop- 
ment of large plagloclase felspars which are wedged In among the original minerals of 
the psammite (Fig. 7, A). 

(ft)» Petit es.~~~The»e are much altered, and although andaluaite, cordterlte and 
fliUiinanite sometimes occur, they are more often completely altered into an aggregate 
of micas — mainly muscovite and green mica crammed with rutile needles. The latter 
possibly represents the breakdown of an earlier red biotlte whicli had now reached a 
state of e<aui]ibrium with, but has not been completely resorbed by, the magma. 

li. The Gneiss, 

As exposed In the Municipal Quarry, the Albury gneiss is a light grey rock containing 
much mica and rounded masses of quartz and pink phenocrysts of felspar up to about 
li inches across. In handspeciinen it is extremely like the Cooma gneiss. The mass la 
cut by many dykes and veins of pegmatite and schorl, and sometimes by veins of pure 
tourmaline. As stated above, xenoliths are numerous. 

The two-mica gneisses near Woomargama and on the Tumbarumha Road are very 
similar. 

The granitized schist near the Orphanage is an excellent example of an intermediate 
step between granitized schist and gneiss. In the field it appears to be an outcrop of 
an igneous rock, but under the microscope it is revealed as a granitized schist consisting 
of andalusite, sllllinanite, cordierite, muscovite, red-brown biotite and striated orthodase. 
The orthodase may form bands indicating a gneissic structure and the rock Is rather 
suggestive of the coarser types of mottled gneiss from the permeation-zone of Coorua. 
This rock has obviously been soaked by “granitic fluid” and large units of orthodase, 
oUgoclase (Ab^^n*,) and quartz have wedged apart the schist and enveloped some of 
its minerals. Needles of sillimanlte are commonly present in the newly formed 
plagloclase (Fig. 7, B). 

Specimens from the Municipal Quarry showing no obvious xenoliths in handspecimen 
mark a further stage In the resorption and granitization of the psammopelitic material, 
but no specimen has been examined in which original sedimentary quartz, orthodase 
and micas have not been identified among the later developed larger grains of oligoclase, 
mlcrodine, quartz and micas of Igneous origin. The original biotlte la often chloritized 
or bleached and the felspar completely replaced by muscovite, and it is sometimes difficult 
to identify these in between the larger blades of magmatic muscovite and chocolate- 
brOwn biotite (Fig. 7, C). That part of the muscovite that has an Igneous origin is nbt 
Infrequently plumose in its development. This type is very similar to the muscovite- 
rich phase of the Cooma gneiss (Joplin, 1942, p. 187) which was noted as occurring In 
isolated outcrops among the granitized schists. It is now considered that the Cooma 
rock developed in the same way as that suggested for the Albury gneiss. In the normal 
phases of the Cooma gneiss, however, pink pleochrolc andalusite is a typical constituent 
and this is fairly rare In the Albury gneiss which compares more closely to the 
muscovite-rich phase at Cooma. The difference is probably a matter of volatiles, 
particularly of water content in the invaded rocks and In the intrusive magma. 

A microscopic study of the Albury gneiss reveals a definite tendency towards 
mantling, and It is of interest to note that most of the large “phenocrysts” are composite 
bodies. They consist either of microcline, often albitized, or of oUgoclase, and these 
enclose partly resorbed grains of orthodase, sometimes mantled by a more basic 
plagloclqse, as well as independent crystals of the more basic plagloclase. The develop- 
ment of oligoclase about orthodase recalls some of the features of the Finnish rapiklvi 
granites (Wahl, 1926; Sederholm, 1928), for though not a true raplkivl texture it Is 
closely allied to It. In the rapikivi granites the orthodase grains are usually rounded 
and the mantling plagioclase is in parallel Intergrowth with them. In the Albury rocks, 
however, the orthodase shows a more irregular resorption, and though these Incom- 
pletely resorbed fragments may be In optical continuity with one another, they are not 
necessarily In pamllel Intergrowth with the mantling oUgoclase (Fig. 8). Furthermore, 
the partly resorbed orthodase may be mantled with microcline, or by a more basic 
idaglodase before being induded in dther microcline or oligoclase. When the basic 
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plagioclase toms independent crystals the mantling oUgoclase la often In parallel inter- 
growth with them and this gives the oUgoclase a peculiar checked appearance. Ortho- 
clasfi often shows marginal alteration to myrmeklte. 



Fig. 8, — Cotnp<>»ite unit occurring as a “phenocryst” in the iwii-rnica gneiss, 
lit. The Coniamination Trocenn. 

In discussing the rocks of the permeation—or silliinanite— zone at Cooma (Joplin* 
1942), it was shown that orthodase developed as the result of high-grade metaniorphlszn; 
and although this zone cannot be traced at Albury, there is some evidence of Us 
existence prior to the heavy grelsenizatlon caused by the numerous sills which invaded 
this zone. Thus it can be assumed that the high-grade rocks* before they were granttlzed* 
contained varying amounts of orUioclase felspar. The granitized schist near the 
Orphanage gives further corroboration of this. 

The largest sills of the district consist of oligoclass-gronite and, as in the case of 
the cordierite-bearing gneiss* it is assumed that this magma type was responsible for the 
granitlzation. The schists were actually soaked in the quartz-felspar magma, and since 
the psammltes and psummopelites consisted largely of quartz, it would probably represent 
a phase lower in the reaction series than those being precipitated by the magma. The 
orthodase of the schists tended to be resorbed, but before this process was complete, 
magmatic material was deposited in the interstices of the partly disintegrated xenolith. 
Thus plagioclase of a slightly basic type was ftrst deposited by the magma either 
enveloping the partly resorbed orthodase or as Independent small crystals. As the 
crystallization of the magma continued, a more acid plaglodase mantled these as well 
as an occasional grain of original quartz which had failed to go Into solution. Mlcrocline 
and quartz were also deposited from the magma at about this time and thus early 
magmatic minerals and partly resorbed sedimentary ones are characterized by mantling. 

Thus there arc all stages between the partly granitized or felspathlzed psammopelite 
and the most completely stabilized type, which In handspecimen closely resembles a true 
porphyrltic igneous rock. As the psammopelites are not so far removed in mineral 
composition from the granites themselves* there is no very marked evidence of reciprocal 
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reaction, and the contamination process has been due partly to a solution of the 
constituents low in the reaction series, and partly to mechanical disintegration of the 
xenoUth brought about by both dissolution and by the wedging In of large grains of 
quartz and felspar. 

iv. Chemical ViscunHioii. 

Again, any attempt to calculate a theoretical analysis must be highly speculative and 
must )>i'esuppoBe a large und<' dying magma chamber of oligoclase granite, but it has 
been shown In the petrography that it Is imssible to trace almost every step in the 
granitization of the psammopelite through to the formation of the contaminatecl gneiss 
and the writer is emboldened to attempt such calculations. Unfortunately no analyses 
have been made of the psammopelites of the Albury dlstrlci, but there are available 
types, which are believed to be similar, from the Victorian part of the complex and from 
Cooma. Table 12 shows analyses of both actual and theoretical gneiss, and it 
can be seen that by mixing various quantities of psammopelite and oligoclase 
granite from these areas it is possible to calculate the analyses of rocks whose 
compositions closely resemble the two-mlca gneiss type. In doing this, care was taken 
to choose paijs of analyses from the same locality in each case, and thus there is no 
theoretical gneiss foi’ (he Albury district Itself. 
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I. Albury GrujUii. Municipal Quarry, ttowloiiK lUmd, haw nt Moiuumcnt Hill. Anal. Cl. A. JoiUiii. 

II. OmnlUf, Mt. WiiKra, Xorth-oastcni Victoria. Anal. C. M. Tattarn. Qeid. Surv. Hull. 62, 1«29: :|H. 

III. BUghtly foliated Granite. Wi Icon’s CJreok, Omeo. Anal. A. liowitt. 2’ranti, Hoy. iSor. Ptef., 24, 1887. 

IV, Cooma OnclaH. Masaie Street, CotJina. Anal. G, A. Jupliu. Pkoc. Linn. Scxj. N.S.W., 67, 1942 : las. 

V, Kqual parte ivf Coidlerltc Horntete (Anal. 8) and Quaxtx-fclHpar inle.cUon ty\w (Auai. 24). Hoth analyses from 
C. M. Tattum. Geol. Surv. Fici., Bull, 52, 1929: 36 and 38. 

VI. Kqual parts of Hornfeh (Orr'a Gully, A. W. Howitt, sec Table 3) ami Muscovitc-tpauite (Onico, A. W. liowitt, 
see Table 6, tills c<.>mmunlcation). 

VII. Two parte of Corduroy Granulltc (Anal. Ill, Pnoc. Linn. Soc. N.S.W., 67, 1942 : 168) and inic part of Albitr- 
muaoovite Gneiss (Ocx>ma, see Table 6, tlds comnuinlcatinn). 

The Woomargama gneiss is on the northern edge of the area mapped and has not 
been examined very carefully, but in handapecimtm it is identical with the Albury gneiss, 
and on approaching it from the west, a zone of blotite schists, a zone of knotted schists 
and a zone of granitized schists were traversed, as in the case of the Ordovician two- 
inica gneisses elsewhere. It is assumed that it has a somewhat similar origin, though 
the chemical composition suggests that the assimilated material may have been more 
basic. Low-grade psammopelites with a tuffaceous matrix have been noted on the road 
opposite the T.S.R., just south of Woomargama, and the fact that this rock is comparable 
to the theoretical type calculated by mixing oligoclase-microcllne granite and pyroxene- 
granulite may have some slgniflcance. 
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Anal. G. A. Joplin. 

II. ThooroGcal Beo Table 11, Anal. ITT. 


3. THE LEVEL OF THE INTRUSIONS. 

It is obvious trorn the foregoing discussion that the type of nietamorphism and the 
nature of the rocks involved in it are closely comparable in the Albury and Cooma 
districts; but, as Indicated in the section of this paper dealing with the metamorphlc 
zones (p. 90), the zones at Cooma are more sharply defined and there Is no zone of 
sills to complicate the higher grade zones as In the Albury region. Furthermore, although 
a later granite occurs at Cooma, It is well away from the main centre of Ordovician 
metaniorphlsm, and did not interfere with it, whilst between Albury and Jlngellic the 
contact-zones of tlie later granite often obscure the high-grade zones of Ordovician 
metamorphism. Nevertheless, these high-grade zones do not appear to have been so 
well developed in the Albury urea. Again, the Cooma Complex could be distinguished 
as a complete unit in itself, whilst the area examined on the northern bank of the 
Murray represents only the northern fringe of the great complex of North-eastern 
Victoria. 

Nevertheless, the apparently more restricted development of the high-grade zones, 
together with the great development of sills at Albury, suggests that this area represents 
a higher level in the complex as compared to that of Cooma. The fact that it was 
possible to trace the various stages In the development of the gneiss by the granitizatlon 
and assimilation of the sediments also points to the magma's having cooled at a higher 
level where chemical and mineralogical changes had not had time to become completely 
stabilized. 

It l» likely, however, that several levels are represented within the Victorian Complex 
and studies further south may reveal that the main mass was more deep-seated and 
that the Albury area represents only the uppermost margin of the Ordovician intrusions. 

IV. The Post-Oboovician Intrusivks. 

In the present paper these rocks are not studied in detail, but reference must be 
made to them as they have engulfed great areas of the Ordovician schists and have 
superimposed their contact effects upon them. 

1. THE INTRUSIVE BOCKS. 

At Mullanjandra, a mass of sheared gneiss or porphyry strikes about N. 60*^ W. 
across the main road, where It is covered by the^ alluvium of Mullanjandra Creek, but 
elsewhere forms a ridge of prominent hills. The full extent of the outcrop has not been 
mapped, but it ts at least 6 miles in length and up to 1| miles in width. A little faultUig 
has possibly occurred In the region of Mullanjandra Creek (see Plate xv). 

In handspecimen this rock bears a striking resemblance to the white gneiss of Coomg 
(Browne, 1914. 1943; Joplin, 1948) to which Browne has assigned a Silurlaii age. 
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Nowhere have very satlnfactory contacts been observed but It appears to Invade 
the Ordovician schists and the porphyries which are unconformable with them. Slates 
inter bedded with the porphyries appear to be siliclfled along the creek in Por. 158, 
Par. of Mullanjandra, and us this is only a short distance from the gneiss, it is likely 
that It is responsible for the slHciflcation. It has been suggested that the porphyries are 
of Lower Devonian age, but this must still remain an open question, for even though 
they may be sllicifled by the gneiss, it has been assigned a Silurian age only upon a 
lithological resemblance. 

Even-grained and porphyrltic gj’anltes, associated with large masses of granite' 
porphyry, are very numerous along the northern bank of the Murray at intervals 
between Wymah and Jingellic and probably occur in much of the mountainous country 
to the north. To the north of Albury there is a large area of granite, partly covered 
by soil and alluvium near Jindera, and this extends east to Table Top (Plate xv). 

It is likely tlmr granites of several ages are represented among these outcrops. 

A porpliyritic granite showing a marked parallelism of the phenocrysts occurs just 
east of Jingellic on the Toonia Hoad and the same type crops out on the Tumba rumba 
Road about 10 miles from Jingellic, and about 9 miles north of the oiitciop on the 
Tooma Hoad. The relation between these two outcrops has not been studied but it is 
likely that they are continuous and boulders in the eastern tributaries of Horse Creek 
suggest that the hills to the east are composed of this rock-type. This rock may possibly 
be of Silurian age. 

The Jindera granite, briefly described in an earlier communication (Joplin, 1944), 
is also porphyritic, but shows no directional structures and is very similar to types 
occurring near Dora Dora and Talnialmo, where large masses of granite-porphyry also 
occur. 

The Hawksview granite, al.so previously described, is a massive twx)-Tnica granite 
with a very occasional ptumocryst of orthoclase, and is particularly rich in white mica. 
It shows very sharp conlaets against the eordlerite-beuring gneiss and is obviously of 
much later origin. 

Howitt (1887) has described a porphyritic granite from Omeo, which, except for 
its higher MgO, is rathej* similar to the Hawksview granite in chemical composition. 
Howitt hjis stated that In the field the porphyritic granite Is closely related to a foliated 
type, and quotes analyses of both. The foliated type is obviously related to the two-mica 
gneisses with which it is compared in Table 12. Concerning the relation of the porphyritic 
and foliated gianltes at Omeo, Howitt concludes; "for the present I must leave this In 
a state of doubt". The present writer’s experience on the Upper Murray, however, loads 
her to the conclusion that the porphyritic granite of Omeo is probably much later and 
has Invaded the earlier two-mica gneiss which is intimately related to tlie Ordovician 
schists. 

In the earlier paper (Joplin, 1944), it was suggested that the twm-mica granite at 
Hun Boundary occur jed as an Ordovician sill, but a more detailed petrological and 
chemical examination has shown that it bears no relation to the other sills of the area, 
and, though apparently a concordant intrusion, is possibly of later origin. In Table 14 the 
analysis of this rock is compared with the Corryong granite and it is interesting to 
note that Edwards (1937) has said: "outcrops of the granite salients are more or less 
linear and parallel to the strike of the invaded Ordovician". 

As these granites have not been studied in detail, it 'is not fitting to discuss their 
relative ages, but there certainly seems to be several periods of Igneous intrusion 
represented, possibly Silurian, Middle Devonian and Kanimbla, and the problem would 
well repay a more detailed study. Edwards has made a detailed study of the Corryong 
and Pine Hill granites and considers that they are of two ages — both post-Ordovician, 
In discussing this he says: "If the orogony can be regarded as Lower Devonian In age, 
then the Corryong granite may be post-Lower Devonian, whilst the Red granite series 
may coincide with a Middle or Upper Devonian minor orogony. If the Corryong granite, 
on the other hand, is post-Middle Devonian, the Red granite series cannot be older 
than Lower Carboniferous and may be much younger." 
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Although MgO la higher In the Corryong granite, it bears some chemical relation 
to the Run Boundary and Koetong granites with which it is compared in Table 14, 
whilst the Hawkesview granite, with its lower CaO and NagO and higher KgO, seems 
to be more closely related to the porphyrltic granite of Omeo, though here again there 
is a discrepancy in the MgO content. Edwards <19S7) has shown that the later types, 
of which the Pine Mt. granite is a representative, also contain high K,0, but as these 
have a very much higher silica content, they cannot readily he compared with the two 
analyses in Table 15. 

It is possible that detailed chemical work might show that these various granites 
tall into groups, and this may be a means of distinguishing their relative ages. 
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Fig, 9, — Hornfele In the aureoles of the younger granlteB. 

A. Ghiastollte-cordlerite hornfele, about li miles north of JlngeUlc, on the Tumbarumba 
Boad. Small porphyroblaet* of Wloblastic chiastollte show a marginal alleration into sericlte. 
Small porphyroblaets of cordlerlte are xenoblasUc and completely altered. The base shows a 
marked schistoslty and consists almost entirely of QuarU and graphite, x Ifl. 

B. A more advanced thermal alteration of the same rock-type from the roadside, 5 miles 
west of Jingeiltc* on the Albury Hoad. Porphyroblaets of andalusite (some chiastollte) and 
cordlerUe are much larger, and the base consists of a granoblostlc mass of quarts and graphite, 
all traces of schlitoslty having been lost x 16. 

C. CordlerUe hornfels from Burrurabuttock. I^iOrge Irregular porphyroblaets of cordlerlte 
dhow il«ve«structure. These occur in a flnc base of btotUe, muscovite, quartz and Tnagnettte. 
K 16 . 
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Obviously a great deal of work needs to be done on this problem, but It Is outside the 
scope of this Ordovician study, and the present writer does not feel justified In spending 
further time on it. 


2. TliElK CONTACT ATJKEOLKS. 

As mentioned above, the slates at tlie contact of the Mullanjandra gneiss appear 
to be sillclfled, but there is no hornfelslng. 

In the neighbourhood of .JingelUc, large spots consisting of radiating masses of 
chlorite suggest that a weak contact metamorpliism has been superimposed on the zone 
of spotted schists. The chlorite ‘'spots’* show crystal boundaries suggesting that they 
are pseudomorphs after cordierite, and the change to chlorite is no doubt due to tlje 
low-grade contact effects of the (?) Silurian porx)hyritic granite on the Tooma Road, 
3 miles east of JingelUc. This type of spotting can be followed almost up to the junction 
of the gianite although the actual boundary is somewhat obscured. Furthermore, 
similar spotting is seen along Horse Creek, and this Umds further support to the 
assumption that the porphyrlttc granite occurs In the hills to the east of this stream. 

On the Tumbarumba Road, 2 miles from JingelUc, chiastolite and incipient cordierite 
are developed in the pelltlc schists which were possibly in the biotite-zone of regional 
metamorpliism (Fig. 9, A). At 10 yards from the granite on the Albury Hoad, 5 miles 
from JingelUc, this same rock-type has given rise to andalusite-cordlerlte hornfelses 
(Fig, 9, B). 

Between Burruui buttock and Jindera a large stretch of soil and alluvium probably 
covei'B granite. Small areas of granite crop out at intervals on the hills adjacent to 
the Ordovician schist, but the main evidence for the existence of a fairly extensive mass 
of granite lies In the fact that a contact aureole appears to occur between the schists 
and the alluvium. These hornfels are mainly cordierite-bearing types of which Fig. 9, (', 
is an example. 


3. ABKOCIATEU HyBKimZ.\TION. 

A sharp contact between the cordierite-bearing gneiss and Hawksview granite is 
exposed in the Weir Quarry, Per. 65, Parish of Thurgona, and large blocks of the gneiss 
frequently occur within the granite. The contacts of these xenoliths are usually very 
sharp and angular and remain so until an advanced stage In the hybridization process. 
Hybridization is noticeable particularly in the smaller blocks which first develop a 
marked gnelsslc banding. This seen»a to have been brought about by the development 
of new quartz and felspar about the quartz and felspar of the gneiss, and thus a faint 
original gnelssic structure has become accentuated and more conspicuous in the hybrid 
types, which gradually merge into the surrounding granite leaving only a series of 
parallel blotite-ricb layers that mark the position of the original block of gneiss (Fig. 10). 
Large tongues of quartz and felspar also frequently develop in the larger blocks. 

V. Tectonic and Maomatjo Histories. 

It will not be possible to write either the tectonic or magmatic history of this area 
until further work has been done on the Ordovician metamorphlc zones and upon the 
later granites in the Victorian sector; and also upon the relative ages of the various 
younger granites in the New South Wales part of the complex. A brief outline or 
introduction, however, will be attempted here and this will be more of the nature 
of a progress report on the tectonics. 

At Cooma (Joplin, 1942, p, 194) petrological evidence suggested that compressional 
forces had been active before the injection of the magma, and that the schists had 
possibly been raised to the blotlte-zone of regional metamorphism by such shearing 
stresses. As andaluslte and cordierite are usually regarded as antl-etresB minerals, It 
was suggested that stress declined at Cooma immediately after the injection of the 
magma and that the andaliisite-zone was of the nature of a contact aureole. This 
explanation of the zoning seems to apply to the Albury-Jlngelllc region, and isoclinal 
folding and plicated structures suggest a strong compression. The lower grade rocks of 
the chlorite-zone, so well exposed north of JingelUc, do not usually aliow these structures 
and thus the metamorphlc grade seems to be related to the degree of compression. 
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Fig. 1 0. 

AiiRulftr fragmontw of cordit^riU^-lamring gneiss rifUMl otT ami partly uHsiinilatcd by 
ilawkHvlew granite. I^arge fragments show patehes and tongues of quartz and felspar that 
aoeentuatc the original gneissle banding. At the top iind at the extreme left of the figure, 
minute blotltc>rich seams in the granite represent the last remains of almost totally rosorbed 
fragments. These retain their original shape until complete reBorpti(»n has taken place and 
the granite only contains a few clots of rather more basic composition. 

Reference to Plate xv suggests that the knotted schists form zones about the two-mlca 
gneisses, and in the neighbourhood of Jingellic, where no two-mica gneiss is exposed, it 
has been postulated that such a mass has been engulfed by a later granite, since by 
analogy elsewhere the arrangement of the knotted schists Indicates its former presence. 

It is suggested that the main injection of oligoclase-granlte took place under 
conditions of declining stress; thus there was not so much development of injection- 
gneisses or of Ht-par4it structures as at Cooma; furthermore, permeation by magmatic 
fluids was not so marked. The andalusite and/or cordierite of the knotted schists, 
therefoi'o, probably developed under high-grade thermal conditions where the pressure 
was mainly hydrostatic, and the granitization of the schists and the formation of the 
highly-contaminated gneisses took place under similar conditions. 

Stress, however, was renewed later, and there was an injection of ollgoclase-granite 
accompanied by pegmatite to form the abundant sills with which the granitized rocks 
and knotted schists are now threaded. 

This region of Ordovician orogeny possibly became a mobile belt again in Silurian 
time, when both the Mullanjandra gneiss and the porphyiitlc granite were injected. 
Finally, the same tract was probably the centre of orogony during Middle Devonian time 
and during the Kanlmbla Epoch, As indicated by the work of Edwards and Easton, 
the same tectonic history applies in Victoria, thus suggesting the permanence of the 
mobile belts over several geological periods, and the successive injection of magmas 
into previously consolidated rocks of magmatic derivation. 

VI. Summary. 

It has been shown that, as in the Gooma district, the Albury-Jingelllc region 
consists largely of Ordovician schists In varying grades of metamorphlsm. A chlorlte- 
and blotlte-sone, a zone of knotted schists and a zone of granitized schists have been 
recognized, although zoning Is not so perfect as at Cooma. This Imperfection Is due 
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to *t toast throe factors; first, this region represents only the northern fringe of the 
large metamorphic complex of Victoria and the imperfection may be only local; 
secondly, a sone of sills is superimposed upon the higher grade zones and has been 
responsible for much grelsenlzation ; thirdly, later granites possibly of Silurian, Middle 
Devonian and Kanimbla ages have engulfed many of the schists, thus masking much 
of the metamorphic pattern, as well as superimposing their contact aureoles and 
producing new^ assemblages of metamorphic minerals. 
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THE DIPTERA OP THE TERRITORY OP NEW GUINEA. XIV.* 

FAMILY TABANIDAK, PART II. PANQONIINAE, EXCEPT THE 0ENU8 CHRV80P8. 

By H, Oldrovd, M.A., F.R.E.S., 

British Museum {Natural History), London. 

(Communicated by Dr. O. X. M. Heydon.) 

(Nine Text-figures.) 

[Head 30(h July, 19^7.1 


Intuodihtion. 

For several years before bis death, the late Mr. Prank H. Taylor had been planning 
a revision of the Tabanidae of New Guinea and adjoining territories. For this purpose 
he had borrowed from the British Museum (Natural History) the collections made by 
Miss L. E. Cheesman, and, during 1945, Mr. Arthur Smith In London made for him a 
number of drawings of types and other noteworthy specimens. Unfortunately Mr. Taylor 
died in December, 1945, before he had completed more than the first paper of the series. 

Professor Harvey Sutton very generously agreed to my suggestion that I should 
take over and complete Mr. Taylor^s study, and sent to me the whole available material. 
The specimens comprise Miss Cheesman’s collections from Papua, Japen Island, and the 
Cyclops Mts., a fine collection made by the Archbold Expedition of 1938-39 In Hollaudia 
and the Lake Habbema-Mt. Wllhelmina region, and numerous specimens belonging to 
the Department of Public Health and Tropical Medicine, Sydney, many of them collected 
by Mr. Taylor himself in the Edie Creek area of NE. New Guinea — a total of 882 
specimens. Miss Cheesmau's collections are the property of the British Museum (Natural 
History), and the Archbold collections are held on loan from the Buitenzorg Museum. 
Java. Dr. Alan Stone and Dr. K, A. Chapin very kindly lent me 181 Tabanidae from 
the collections of the United States National Museum, Washington. 

Along with the illustrations of 34 species made by Mr. Smith, I have received 
18 figures drawn In Australia by Mr. E. H, Zeck, and a card-index of species prepared 
by Mr. Taylor. There Is no manuscript nor notes, and the specimens have not been 
sorted. One or two random identifications have been made. It is evident that Mr. 
Taylor had barely completed the preliminary assembly of material and Information. 
His paper on the genus Chrysops, published (posthumously) In these Prockkiiinoh in 
1946, summarizes the New Guinea species, but records no new material. The genus is 
represented In the present material only by two females of Ohrysops albicincta Wulp, 
one in the Archbold collection from Bernhard Camp, 50m., vlli, 3938 (J. Olthof), and 
the other from Hollandla, July, 1946 (B. Malkin: Washington Coll). Nothing in this 
or any subsequent paper of the series, therefore, represents any view held by Mr. Taylor 
unless the fact is expressly stated. 

I am greatly indebted to Professor Harvey Sutton for his co-operation in sending 
me this material and for submitting the manuscript to the Llnnean Society of New 
South Wales. Miss Chessman very kindly gave me Information about New Guinea and 
lent me her personal copy of the Archbold Reports. Mr. G. H. Hardy placed at my 
disposal a list of species he had compiled and sent me a summary of his views on the 
grouping of species of Tabanus in the Australasian fauna. 

* Continued from these pRocesuiNoe, Ixx, 1946, a«8. 
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Scope of Paper. 

This paper deals with the Pangonilnae, other than the genus ChrysopHy in the col- 
lections before me. These divide into two groups, the halry-eyed species which belong to 
the genua Rcaptia Walker, and the bare-eyed species which were all formerly placed in 
Silviu^ Melgen. None of these is congeneric with the genotype of Silvius, and here 
they are referred to the genera Pareucompsa Eiiderleln and Ifiiaca Walker. 

There Is enough material to give some idea of distribution, and it is interesting 
that all the fifcapfin were taken in mountainous areas above 2,000 ft,, while the other 
two genera were taken in low-lying areas to north or south of the central mountain 
chain or on the coast. This is in agreement with the biological accounts of Fuller 
(X936) and Hill (1923 ). 

The Scaptia individuals are very variable, and It is evident that there are many 
local forms and Interlocking species. This might be expected in a genus living in 
mountainous habitats and liable to be divided into relatively Isolated populations. It 
is difficult to judge from the examination of small collections of dried specimens which 
forms are good species and which are merely local races. Pi’obably many nnne are 
still to be found in New Guinea. 

The species of lowland habitat are much more uniform, and interesting chiefly in 
their generic relationships. 


Locawties. 

Miss Cheesnuin gives accounts of her own collecting trips in her books, “The Two 
Roads of Papua" and “Land of the Red Bird", and in articles in the Geographical 
Journal. A full and most interesting illustrated account of the Archbold Expedition 
is given by Archbold, Rand and Brass (1942). 

The following Is the list of localities in the material I have seen: 


Mihh Vheeaman^H CollectioyiH. 


Lat. S, 

Pa!M A. Mt. Tafa 08-38 

Mafulu 08-30 

Kokoda 08*62 

Mondo 08-34 

Yule 1 08-47 

Dut('H New Gcinka. Jupen 1 01-40 

Cyclops Mts 02-30 

West New Geinka. Mt. Nomo. 


Long. K. 
147-07 
147-00 
347-40 
147-07 
146-30 
136-20 
140-30 


Arehhold Expedition. 


Hollandia 02-30 

Araucaria Camp 03-30 

Bernhard Camp 03-29 

Habbema Lake 04-08 

lebele Camp 03-68 

Moss Forest Camp 04-00 

Top Camp 03-30 

Rattan Camp 03-30 

Mist Camp 03-30 

Lower Mist Camp 


140-42 

139-11 

139-13 

138-42 

138- 46 
138*48 

139- 02 
189-09 
339-05 


Other Collectors, 


NE. New Guinea. Edie Creek .. .. 

. . , 07-00 

146-30 

Dutch New Guinea. Lorens R. . . , 

. . . 06-27 

138-00 

Regen I 

. . , . 04'48 

338-36 

Digu) Mts. 

. . . . 06-07 

140-86 


Figure 1 shows the distribution of specimens in the present material. 
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Pig. 1. — IjOoaUti«» of specimonH mentioned in thi« paper. 

(SmaJl letterB, Scaptia «pp. ; a, aari/>i/oj9fi ; b, bei'nhardi ; c, califfinosa : f, fiovcom ; i, insnfaris: 
1, /6oni»a ; m, mafulensia ; n» novae guineensia : t, tavlori \ u, unilineata. 

Capital letters; P, Parencompaa dhnidiata \ F, P. femoralia : M, Lilaea de vieijerei; V, 
h. vUtata. 

The shaded area represents the approximate extent of land above 2,000 ft. 

Kiev TO (aBNBRA OF NKW OuiNBA PANOONIINAB. 

Hind tibiae with spurs; oeelU usually present, 

1. Flagellum* of antenna with eight segments, Proboseis usually much longer than head. 

Kyes may bo hairy 2 

Flagellum of antenna with four or five segments. FTobosiis usually short, not greatly 
longer than head. Eyes bare 2 

2. Eyes bare. Prt^boscls usually long or very long, held horizontally forward, face often 

conically produced. No ocelli Nuoeria Walk. 

Eyes hairy. Proboscis not morej than twice as long as height of head, held downwards at 

an angle of 45^ Ocelli present Sraptia Walk. 

3. First and second antennal segments about cquhI in length. Wings with dark croHsbandH 

Chrj/aopa Meig. 

Second antennal segment shorter than flrsl. Wings clear or with dark croHsbands 4 

4. First antennal segment more than twice length of second. Frons very broad, with circular 

callus (Fig, 7) Silviua Meig. 

First antennal segment less than twice length of second. Frons 3-4 limes as long as 

broad, callus club-shaped, reaching nearly to ocelli Ti 

5. Flagellum with four segments. Wings banded (Fig. i)) Parvuvompaa End. 

Flagellum with five segments. Wings rmt banded Lilaea Wuik. 

OenuB NooratiA. 

Nuceria Walker, 1860, Ins. Saunds. Dipt,, I, p. 7. Genotype: Pangonius longirostris 
Hardw., by deBignation of Coqulllett, 1910. 

Oorizoneura Rondanl, 1864, .ArtTi, zool. Modena, 3, p, 85. Genotype; Pangonia appf^wrfi- 
ctt^afa Macq. (Tanyglossa aethiopim Thunb.), by designation of Coquillett, 1910. 
Siridorhina Enderlein, 1922, Mitt, zool Mus, Perl, 10, p. 336. Genotype: Pangonius 
longiroMris Hardw., by original designation. 

Not: ^ticerUi Enderlein, 1922. p. 339 (- PhiloHche Wied.). 

Oori«(?nCMm Enderlein, 1922, p. 337 («• Mlctenopsis Macq.), 

A genus recogniaed by the prominent, conical snout and elongate proboscis, which 
is often 2--3 times the length of the body. It is distinguished from Panponii^ l^atr, 
{sensu «friofo) of the Palaearctlc Region by the absence of ocelli, and from the African 
PhiloUche Wd- by the usually open first posterior cell. This latter is not an infallible 

• Flogetlnm hero and throughout means the whole antenna beyond the first two segments 
(scape and pedicel). 

K 
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guide and occaeionally epeclmene occur with this cell closed in one or both wings. 
Perhaps this group of species is no more than subgenerlcally distinct from Philoliche, 
hut it is convenient to separate them off from the large group of African species that 
have the first posterior cell decisively closed. 

The length of the proboscis and degree of prominence of the face vary considerably 
between one species and another* and sometimes within one species. Bequaert (1930* 
p. 881) regards both these characters as purely adaptive and varying together. A 
number of genera have been recognized among those species with a less strikingly 
developed snout. 

I have seen no specimens of NuverUt from New Guinea* though N. amboincMnis 
Fabr. might be expected to occur there. Schuurmans Stekhoven (1926, p. 67) records 
this species also from Timor, though his specimens have not such obvious thoracic 
stripes as the descriptions of Fabricius and Wiedemann would indicate. 

In the British Museum is a series from Bigot’s collection of an Undoubted Nuvvria, 
which he labelled '^anihoinensM F.”, and which has prominent thoracic stripes. The 
locality is given simply as “E. Indes", and in view of Bigot’s somewhat high-handed 
treatment of existing locality-labels the localities of his specimens arc never altogether 
reliable. There is always confusion between “E. Indes” and “K. India”, This species 
seems to be closely allied to the Indian N. rufa Macq., and* Indeed* two further specimens 
in the series are labelled “Bombay”. Altogether I have not much confidence in this 
identification* but if it should be correct it would seem that 2^, amhoinensu is an 
off-shoot of the Indo-Orieutal fauna and may not reach New Guinea. 

Pangonia neocaledoniva Mdgiiln was regarded by Ricardo as a synonym of leucopicta 
Bigot, of which the type, from New Caledonia, is in the British Museum. We have also 
a series of a similar, but smaller, species, which seems to be those specimens referred 
to by Bigot (1878, Ann. Boc. ent. Fr., (5) vlli, Bull, cxlv, p. 139) in his augmented 
description of Mdgnin’s species. It seems as if two species are concerned here* but 
neither is a typical Nnceria, nor — since they lack ocelli — can they be referred to Bnplex. 
In facial structure they seem most nearly to approach the African groups PhiloHche 
and Omniatiosteres. The Washington material contains two females of leucopicta from 
Koumac, New Caledonia, 16.xi.45 (I). G. Hall). I have not seen either species from 
New Guinea. 


Genus ScAPriA. 

Bcaptia Walker, 1850, Ins. Baunds. Dipt., I, p. 8. Genotype: Pangonius auratus Macq. 
Melpia Walker, 1850, Ibid., I, p. 8. Genotype: Pangoniu.H fulvithorax Wied. 

Osoa Walker, 1850, Ibid., I, p. 10. Genotype: Pangonius depressus Macq. (Tabanus latus 
Gu6r.) 

IHatombieura Uondani, 1864, Arch. zool. Modena, 3, p. 84. Genotype: Pangonius depressus 
Macq. 

Erephop.Hs Kondani, 1864, Ibid., 3, p. 85. Genotype: Pangonius fulvithorax Wied. 

All the above genotypes designated by Coqulllett, 1910. 

The synonymy of this genus has been discussed by Ferguson (1926, pp. 294-299), 
who also suggested lines along which the genus might subsequently be divided. 

Apart from the “Pangonle fullglneuse” of Boisduval, considered and rejected by 
Ferguson (1924, p. 267), three species of Bcaptia have been recorded from New Guinea: 
caliginosa Walk., noi?«eoiMineensis Rlc., and albibarbis S.S. In the British Museum, I 
have the type of the first and a paratype of the second, but I have not seen the third. 
Miss Cheesman, Ar(dibold and Taylor all took specimens of this genus. 

With the exception of nomeguineenais, the New Guinea species of Bcaptia are of 
uniform appearance, and the differences between them are mainly small details of 
colour and pattern. The shape of the palpi, especially the relative extent of the 
bare area, is helpful in separating some species, but Is subject to Individual variation. 
I have not found any significant differences in the relative length of palpi and proboscis 
(cf., Ferguson, 1926). 
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The material I have studied can readily be divided into a number ol unitSt but it 
is notable that each unit is made up of specimens from the same, or closely neigh- 
bouring, localities. It is likely, therefore, that some of these units will prove to be 
geographical races rather than distinct species. This is particularly true of the two 
species /locco^a and insularia, which may be forms of caliginosa Walk. taylori is 
closely related, but since It occurs at Edle Creek with a normal specimen of floccosa 
it would seem to be a good species. 




Fig. 2. — Svaptia upp., Hecond segment of palp : a, unilineuta ; b, nmfttlriisis ; e. ; 

d, leonifta ; e, f. awripilosa ; g. ftovcosa h, t}ernh€irdi. 

1 have not recognized nlbi&orhi.v S.S. From the description it seems to be close to 
my species uniUneala, but differs in a number of details, the pubescence of the eyes, 
the pale hairs posteriorly on the scutum, black hypopleural bristles, and In the 
abdominal pattern. 

In descriptions of the wing-pattern I have referred to the basal and apical bands. 
These are well shown in Mr. Zeck's figure of Jloccosa (Fig. 6). 


Ksjy TO Spmcikh op Scaptia, 

1. Thorax and abdomen with uniform covering of golden hairn 2 

Abdomen without golden hairs, except iit median triangle's, and porhapH iaternlly .... 4 

2. L#argt‘ yellow species (17 mm.). Halrn of eyea abort, pal«, relatively sparse 

HO vrtCjor Miner Hff is Illc. 

Small species (12 ram.). Hairs of eyes long, dark brown, dense !( 


Z. Frons and facial swelling grey in ground colour, with brown t omentum. Palpi with a 
small bare area (Fig. 2f), and with long yellow hairs below, l^arafadals with mostly 
black hair aMinplIoita, n. sp. 

Frons and facial swelling reddish in ground colour, with brown tomentum. l*alpi with 
bigger bare area (Fig. 2d), hairs short, black. Parafacials bare, no hairs between 
antennae and mouth-margin leonina, n, sp. 

4. Palpi with small bare area (Fig. 2n). Frons and facial swelling grey in ground colour, 
with greyish tomentum. Abdomen distinctly paler and more translucent at sides, with 
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median black epnt on second eeffment and median trlmtiffles of yellow hairs. Other 

abdominal hairs yellow on segmentations, black claewhere uniWneata, n. sp, 

J'alpl not as figured. Frons and facial swelling usually orange In ground colour .... 6 

r». i*arger species (15 mm.). Mcso- and sternopleura with varying amounts of dark brown 
or black hair, mixed with some yellow. Wings with pattern indistinct and colour 

rusty - bemhardit n, up* 

Smaller species (lO-jli mm.). Pleura with pale hairs only. Wings usualiy with pattern 

clear-cut, and colour dark browm *1 

I’arafaclals with conspicuous tuft of yellowish hairs. Mesonotum with some yellow' hairs 
before scute Hum. w’hlch has black hairs. Abdominal hairs black, ijale yellow triangles 

and yellowish tufts on sides of segments 1, 2 and fi ? Mp. 

No conspicuous pale parafmdal tuft . . . T 7 

7. Wings with basal band and a slight tinting of foreborder, but with no trace of a brown 
cloud or hand across apex of discal cell. Small species with shining yellow-brown 

abdomen and yellow femora mafttlensis, n. sp. 

Wings with either a distinct apical hand or at least a cloud at apex of discal cell 8 

.S, Palpi broad, Icaf-llke (Fig. 4). Wings with a distinct cloud at apex of discal cell 

taylori. n. sp. 

Palpi longer, blade-like. 4J times as long as their greatest breadth. Wings with apical 

hand distinct 9 

!». Kyes with pile short, paU?, sparse calipinosa Walker 

Fyes with pile long, browm, thick 10 

to, Abdomen with median triangles of yciiow' hair. Mesonotum with tine golden hairs just 

before scutellum. pleural tufts not conspicuous In dorsal view insularia, n. sp. 

Abdomen without median irianglcM of yellow hairs. Mesonolum without golden hairs. 
White pleural tufts very conspicuous in doraal view' ftocr^osa, n. sp. 

SCAPTIA NOVAlXJtilVKKNflm. 

ErephopHis novaeguinfiensis Ricardo, 1913, Nova Guinea, lx, zool., 3, p. 404; Schuurmans 
Stekhoven, 1926, Treubia, vl, suppl., p. 64. 

This species, of which the paratype is In the British Museum, is very distinct from 
any other New Guinea species by its large size, yellow appearance, and pale wings. 
It has been fully described by Ricardo and Schuurmans Stekhoven. Apparently no more 
specimens have been recorded since the original description. 

7*yp(' Locality: Mt. Hellwig (Lorenz). 

SoAVTiA AUKIPILOSA, n. Sp. 

Lake Habbema, 10,000 ft., viii (Toxopeus). Type 9 and paratypes 1 5, 1 Type in 
Bultenzorg Museum. Java. 

One of the two species in the present collection In which the abdomen is covered 
uniformly with short golden hairs. Distinguished by the shape of the palpi (Fig. 2f), 
which have long yellow hairs, especially ventrally. The frons and face are blockish- 
grey in ground colour, and cinereous in appearance. 

9 . Head. Frons and face blackish-grey In ground colour, with brown tomentmn. 
Hairs black, except on parafaclals where there are some yellow hairs. Beard white. 
Byes with pile long, somewhat sparse, dark brown. Antennae: first two segments 
brownish, with brownish tomentum, mixed black and yellow hairs, third segment 
bright orange. Palpi as figured (Fig. 2f). Proboscis Zh times as long as palpi. 

Thorax. Dark brown, with cinereous dusting. Hairs on scutellum and side-margins 
mostly orange, upright hairs on mesonotum black, recumbent hairs golden. Pleura 
grey, with white hairs, the propleural and mesopleural tufts partly orange, 

Abdojnen. Tergites uniformly chocolate-brown, with recumbent golden hairs, lateral 
margins and last three tergites with a few long black hairs. Venter obscurely yellow, 
with longer golden hairs. 

Leyn. Orange, tarsi and anterior faces of femora somewhat darkened. Long hairs 
mostly golden on femora, mostly black elsewhere. 

Wings. Yellowed on foreborder. Basal band faint, apical band absent. Tegulae 
with black hairs and Isolated golden ones. Subepaulets blackish. 

Length. Body 12 mm.; wing 12 mm. 

cf. Similar, except that over the whole body black hairs are longer and more 
numerous. Abdomen orange at sides basally, recumbent golden hairs tending to bunch 
into indistinct median triangles. 
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SCAPTIA LEOT^INA, U, sp. 

Papua, Mt, Tafa, 8,500 ft., Ui, 1934 (Mias Cheesman). Typf^ 5 and paratypes 1 1 cJ. 

Type in British Museum. 

Similar to ouripiloj/a, of which It might possibly prove to he a light form. The 
palpi, however, are different (Fig. 2d), parafacial hairs are absent, thorax and abdomen 
are more translucent in ground colour, and there are no black hairs on the thorax and 
very few isolated ones on the abdomen after the first segment. 




A 


Fig. 3 . — Bcaptia novae gu^ncenaU Hie.: A. head; B, wing. Koth Crom paratype. (Antennae 
broken.) 

$. Bead. Frona and face reddish-brown in ground colour, with thick brown 
tomentum and brown hair. Parafaclals bare except for one or two isolated hairs In 
the lower angle. Beard white. Byes with pile long, moderately thick, brown. Antennae: 
first two aegments yellow, with yellow tomentum and mixed black and yellow hairs, 
third segment bright yellow, darker at tip. 
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Thorax. Yellowish-brown, translucent, with faint cinereous dusting. Hairs long 
and silky, fawn or reddish. Pleura greyish with pale yellow hairs. 

Abdomen. Translucent yellow, obscurely blackish after second segment. First 
tergite and part of second with fine black hairs, rest of abdomen with golden or 
reddish hairs. Venter similar. 

Legs. Yellow, including tarsi, with predominantly yellow hairs, coxae with long 
silky yellow hairs. 

Wings. Yellowed on foreborder, with distinct basal band clouding base of discal 
cell, and a very small, indistinct spot at apex of discal cell. No distinct apical band. 
Tegulae with reddish hairs, suhepaulets yellow or blackish. 

Length. Body 11 min.; wing 11 mm. 

Very similar, but with hairy parafaclals and somewhat darker abdomen. 

ScAPTtA IJNIIJNEATA, 11. Sp. 

Dutch New Guinea, Iwaka R., 7.xi.l910 (Wollaston). Type 5 . lebele Camp, 7,000 ft., 

18.xi.l938, 1 3 <^. Moss Forest Camp, 8,000 ft, 24.x. 38, 2 (Toxopeus). Bernhard 

Camp, 2,000 ft., 20.x. 38 (Olthof), 1 y. Type in Britisli Museum. 

A species distinguished by the blackish frons, palpi with a relatively small Imre 
area, and reddish abdomen with a distinct median black spot on the second segment. 

9 . Bead. Frons black in ground colour, with grey and brown tomenturn and black 
hairs. Face reddish-brown, heavily tomented, iiairs mostly black, some yellow. Para- 
facials with some pale hairs in type, hare in some paratypes. Beard white. Eyes with 
pile long, brown. Antennae: first two segments brown, with brown tomenturn and 
mostly black hairs, third segment orange, scarcely darkened at tip. Palpi as figured 
(Fig. 2a). Proboscis 3-3 i times as long as palpi. 

Abdomen. Translucent orange, with a conspicuous median black area on first and 
second tergites; later tergites may be obscurely blackish, especially in greasy specimens. 
Hairs mainly black, with silky yellow hairs in median triangles and on side-margins. 
Some black hairs in lateral tufts on segments 3-5. Venter orange, obscurely blackish, 
hairs mainly yellow. 

Legs. Femora blackish, tibiae and tarsi orange, darkened at tips, hairs mixed black 
and yellow. Coxae with mainly black hairs. 

Wings. Basal band distinct, apical band fainter, and the brown colour more 
pronounced along the veins. Apex of discal cell and base of radial fork distinctly 
clouded. Tegulae with black hairs, suhepaulets blackish. 

Length. Body 11 mm.; wing 12 mm. 

cf. Similar, except that black hairs are longer and more numerous, especially on 
venter, and a few are present on raesopleuron. First two antennal segments black, 
contrasting sharply with orange flagellum, 

SOAPTIA BiacNHAKDl, U. Sp. 

Bernhard Camp, 2,500 ft., x.1938 (Olthof). Type 5 and paratypes 1 9. 1 c?* Type in 

Buitenzorg Museum, Java. 

This species is distinguished from the other New Guinea species, except 
novaegnineensis, by its larger size and by the shape of the head, which in dorsal view 
is distinctly triangular, not smoothly rounded as in the other species. The wings are 
strongly yellowed all over, with a rusty appearance. 

$. Head. Frons and face reddish In ground colour, with brown tomenturn, hairs 
dark brown or black, a few paler. Hairs of parafaclals black. Eyes with pile short, 
rather light brown, moderately thick. Beard yellow or brownish. Antennae: first two 
segments reddish, with reddish tomenturn and black hairs, third segment orange with 
darker tip. Balpi as figured (Fig. 2h). Proboscis four times as long as palpi. 

Thorax. A dark reddish-brown, paler above wings and on hind margin of scutellum, 
pleura dark reddish-brown. Hairs on dorsum black, those on lateral callOBitles and on 
pleura mixed black and yellow, Black predominate in one female, yellow in the other, 
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but the presutuial tuft, and those on mesopleuron, stern opleuron and coxae are mainly 
black In both specimens. 

Abdomen. Tergites reddish-brown, with black hairs, no trace of median triangles. 
Venter similar, but with a few short yellow hairs on hind marfcin of some segments. 
I-#ateral tufts black. 

LepH. Blackish-brown, with black hairs and bristles. 

Wings. Distal band absent, proximal band faded to a yellow-brown. The whole 
wing, except for the middles of the dlscal and basal cells. Is yellowed, giving it a 
rusty appearance to the naked eyf?. Tegulae with black hairs, subepaulete blackish. 

Length, Body 15 mm.; wing 16 mm. 

<J, Resembles the female except in the following details: eyes more rounded in 
dorsal view, with thick brown pile; frons blackish with silvery tomentum; face a 
darker brown in ground colour; abdominal hairs longer and more erect, all black. 

SOAPTTA MAKITI.KNSIS, H. Sp. 

Papua, Mt. Mafulu, 4,000 ft., xii.33 and 1.34 (Miss Cheesman). Type ? and 3 paratype $9* 

Type in British Museum. 

Distinguished from the caliginosn group of species by the sparser, paler pubescence 
of the eyes and the entire absence of the distal band of the wing. It is paler In general 
ground colour than those species. 

9. Head. Prons and face reddish-yellow in ground colour, with yellowish 
tomentum, especially at aides, hairs black with some yellow, especially on face and 
antennary segment (sub-callus). Hairs of parafaciala mainly black. Beard whitish. 
Pyes with pile somewhat paler and sparser than in caliginosn group. Antennae: first 
two segments reddish-yellow, with yellow tomentum and hairs mainly black, one or 
two ventral ones yellow; third segment bright orange, slightly darkened at tip. Palpi 
as figured (Fig. 2b). Proboscis 3i times as long as palpi. 

Thorax, Reddish-brown with a thin, uniform tomentum. Dorsum with black 
hairs, a few paler ones on margins. Presutural tuft black, supra-alar black a?)ove, 
yellowish below, postalar mainly black. Pleura yellow or reddish-yellow in ground 
colour, with entirely white hairs. 

Abdomen. Tergites shining translucent yellow, with black clothing hairs. Some 
trace of small yellow median triangles. Lateral margins with Isolated pale hairs, but 
no distinct tufts. Venter similar, with yellowish hairs. 

Legs, Pale yellow. Coxae with pale hairs abovt?, some black hairs below. Femora 
dorsally with pale hairs, tibiae and tarsi ventrally with red bristles; otherwise hairs 
and bristles black. 

Wings. Usual pattern much reduced. Yellow foreborder and basal brown band still 
present, but apical band entirely absent, leaving only a faint general tinting of the 
whole apex of the wing. Tegulae with black hairs anteriorly, golden hairs posteriorly, 
subepaulets pale, bare. 

Length. Body 10 mm.; wing 11 mm. 

SCAPTIA TAYLORI, n. Sp. 

N. New Guinea, Edle Creek, 6,550-7,000 ft. (Taylor). Type 9 and 11 paratype 99 . Type 

in School of Public Health and Tropical Medicine, Sydney. 

Smaller than the caliginosa group, the distal dark band of the wing less distinct, 
palpi broader. 

9. Head. Frons and face obscurely orange in ground colour, with thick brown 
tomentum and black hairs. Hairs of parafaclals mingled black and yellowish. Beard 
yellowish-white. Eyes with pile long, thick and brown, somewhat paler ventrally. 
Antennae: first two segments reddish-yellow, with tomentum and black hairs, third 
segment reddish, slightly darkened towards Up. Palpi as figured (Pig. 4). Proboscis 
not more than 3 times as long as palpi. 

Thorax, Reddish-brown, with grey tomentum and traces of a narrow central dark 
stripe^ Bcutellum sipiilar. Dorsum clothed with long, very fine black hairs, among 
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which are a few isolated yellowish hairs^ but these are not obvious. Presutural tuft 
black, with some yellowish hairs; supra-alar and post-alar mainly whitish with some 
black hairs. Pleural tufts all yellowish-white. 

Abdomen. Tergltes shining reddish-brown with irregular black patches, especially 
towards tip, segmentations translucent yellowish. Clothing hairs black, with very small 



Fig. 4 .- Scaptia iaylori, n. sp. : wing, fronn and palp. 


median triangles of yellow hairs. Lateral margins without any thick tufts, but with 
a fringe of yellowish hairs. Venter similar in ground colour, with recumbent yellow 
hairs, black on sixth and seventh sternites. 

Legn. Yellow or reddish-yellow. Coxae tomentod, with mixed yellowish and black 
hairs. Femora with yellowrlsh hairs above, otherwise hairs and bristles moslly black, 
long ventral bristles red. 

Wings. Usual pattern somewhat reduced, so that the apical band is represented 
by a small, not very distinct, cloud at apex of distal cell (Fig. 4). Tegulae with black 
hairs anteriorly, golden hairs posteriorly; subepaulets bare, yellow, with golden sheen. 

Length. Body 12 mm.; wing 18 mm. 

SOAP-riA CAI.1U1NOSA. 

Bcaptia caliginom Walker, 1865, J. Proc. Linn. Boc. Land., 8, p. 108. 

Diatomineura catiginosa Ricardo, 1900, Ann. Mag, Nat. Hist., (7) 6, p. 118; 1918, Nova 

Guinea, lx, zool., 8, p. 403. 

Nrephopsis caliginosa Schuurmans Stekhoven, 1926, Treubia, vi, suppl., p. 62. 

Schuurmans Stekhoven makes the odd mistake of Quoting as type of this species a 
female collected by Wollaston in the Upper Utakwa Valley in March, 1912 — forty-seven 
years after the original description! He states that he saw two females of this species 
in the British Museum, both collected by Wollaston, It seems that he did not see the 
real type specimen, which bears a label in Walker's handwriting '*caliginosa n", and 
labels of later date reading '*New Guinea" and ^^Pangonia caliginosa Walker, type". 
Neither Wollaston specimen appears to me to be conspeclfic with it. One I have made 
the type of my species uniUneata; the other, which Schuurmans Stekhoven regarded 
as the type of caliginosa, has a conspicuous tuft of white hairs on the parafacials and 
is difficult to relate to any other specimens. It belongs near caiiginogOf and may 
represent a variant of that species, but the specimen is In poor condition and I have 
to leave it undetermined. I do not understand why Schuurrnmas . Stekhoven says the 
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first posterior cell is closed on the wing margin. This is not so in any of the three 
specimens referred to above. 

The following description, taken from the specimen bearing Walker's label, differs 
from his description In two respects; the palpi are reddish, not black (pointed out by 
Hlcardo, 1900), and there is no appendix to R*. There is, however, a well-marked 
shadow which could easily be mistaken for a short appendix, and as Walker is known 
to have worked with very primitive optical equipment, I think this discrepancy should 
be disregarded. 



Fig. 6.-— Scoptfa caliginosis^ Walk. ; A* wing ; B, head. Both from type. 


Head. Frons very dark red in ground colour, with brown tomentum and black 
hairs. Subcallus and face more yellnw-brown, latter with mostly black hairs. Parafaclal 
hairs sparse, some pale. Beard snowy white. Byes with pile sparse, pale and very 
short, except ventrally. I am not sure how far this can be attributed to the age of 
the specimen and to rubbing. Antennae: first two segments orange, with yellow 
tomentum and black hairs, fiagellum bright orange, not darkened at tip. Palpi as 
figured (Fig. 2e), hairs short and black. Proboscis not more than three times length 
of palpi. 
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Thorax. Shining reddish-brown with grey tomontum and black hairs, except for a 
few pale ones In supra-alar and post-alar tufts. Presutural tuft black. Pleura orange, 
with grey toinentum and white hairs. 

Abdomen. Denuded, Tergites shining mahogany-red, with black hairs and small 
median triangles of yellow hairs. Lateral tufts white. Venter similar, with mainly 
pale hairs. 

Legs. Dark reddish-brown, obscurely blackish in parts, especially on anterior faces. 
Hairs, including those of coxae, mainly black. 

Wings. With both basal and apical bands dark and well defined. R* without 
appendix. Tegulao with black hairs, subepaulets dark reddish. (Fig. 6 Indicates only 
outlines of bauds.) 

Ijength. Body 13 mm.; wing 13 mm. 

In the present collection the following series, though differing in some details from 
the type, appear to be conspeclflc. Bernhard Camp, 1,800-2,500 ft., 6.xi.38, 3 2,100 ft., 

10.xi.38, 1 9; 4,200 ft., 23.X.38, 2 $9 (Olthof). Type in British Museum. 

It is passible that the two following species are merely geographical forms of 
ealiginosa. As represented in the present collection they are distinct units, but each 
series was collected in one area, floccosa in Papua, insj^Iari-v in Japeii I., and ca/ipinoj?a 
III the central mountains of Dutch New Guinea. Until representatives from Intermediate 
localities can be studied it is better to describe each form as a distinct species. 

SCAPTIA FLOCOOSA, U. Sp. 

Papuu, Mt, Tafa, 8,500 ft., ii.l034 (Miss Cheesman). Type J and 3 paratype Kalndu, 

Edie Creek, 6,550-7,000 ft. (Taylor), 1 9 . Type in British Museum. 

A squarely-built species, abdomen rounded posteriorly, shining brown, with black 
hairs. Thorax with conspicuous white hairs laterally, eyes with dense, long brown 
pile, wings strongly marked. 

5. Head. Frons and face obscurely orange, with thick brown tomentum and black 
hairs. Parafacials with long black hair. Beard snowy white. Eyes with pile thick, 
long, dark brown. Antennae: first two segments yellow with black hairs, fiagellum 
reddish, last three annuli blackish. Palpi as figured (Figs. 2g and 6), terminal point 
unusually long and narrow. Proboscis about 3^ times as long as palpi. 

J7ioraa^. Shining reddish brown, mesonotum with two indistinctly tomented grey 
stripes and clothed with sparse, fine, black hairs. Pj^esutural tuft black, supra-alar and 
post-alar tufts very white, conspicuous In dorsal view. Pleura grey-tomeuted, hair-tufts 
pure while except for a few intermingled black hairs on the mesopleuron. 



Fig. (>. — ^oooo»a, n. sp. ; wing, frons and palp. 
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Abdomen. Shining reddish-brown, first segment mainly black, with a median 
extension of black colour on to second terglte, clothed with recumbent black hairs, 
without any pale median spots or triangles. Lateral tufts black except on segments 
1, 2 and 6, where they are mainly white. Venter similar, somewhat darker towards 
tip, with black hairs, and with some white hairs on segments 1 and 2 and on the 
segmentations. 

Legs. Yellow, slightly darker towards tarsi, with long black hairs. Coxae grey- 
tomented, with black or dark brown hairs. 

Wings. With well-defined brown pattern (Fig. 6), tegulae with white tuft, sub- 
epaulets blackish. 

Length. Body 13 mm.; wing 13 mm. 

SCAVTIA INStTl.AHIW, n. Sp. 

Japeii L, Camp 2, Ml. Eiori, 2.000 ft., x.38. Paratypes 3 y?; Japen I., Camp 1, Mt. Baduri, 

1,000 ft., ix.38. Type y and paratypes 5 $y, 1 Papua, Mt. Tufa, 8,500 ft., ii.l934, 

1 y (Miss Clieesman). Type in British Museum. 

Very similar to floccosa, from which it differs in having fine goMeii hairs on the 
mesonotum, especially just before the scutellum, and on the scutella)' margin, and 
black hairs ventrally on the stevnopleuron. White pleural tufts less conspicuous in 
dorsal vi(^w. black lateral tufts on segments 3, 4 and 6 of the abdomen weaker and less 
conspicuous, median triangles of yellowish hair can be traced on abdomen. 

y. Head. Frons and face obscurely orange in ground colour, with thick brown 
tomentum and black hairs. Parafacials with long, rather sparse black hair. Beard 
white. Eyes with pile thick, as long as first antennal segment, brown. Antennae: first 
two segments yellowish-brown with black hairs, flagellum reddish, not markedly 
darkened towards Up. Palpi as figured (Fig. 2c). Proboscis limes as long as palpi. 

Thorax. Reddish-brown, more heavily tomented than in pKcosa, with traces of a 
dark median stripe anteriorly. Scutellum orange. Dorsum clothed with fine black 
hairs and intermingled, sparse, fine golden hairs, which are especially noticeable on 
the fore and hind margins of the scutellum. Presutural tuft black, with some yellowish 
hairs; supra-alar half black, half yellowish-white; post-alar white with u few fine golden 
hairs. Those tufts are not conspicuous in dorsal view. Pleura reddish in ground 
colour, with grey tomentum, hairs white or yellowish, some black ventrally on 
sternopleuron. 

Abdomen. Shining reddish-brown, first segment not markedly black, later segments 
blackish basally. Clothing hairs black; a small triangle of yellow hairs can be detected 
on all visible tergites. Lateral tufts less bushy than In px'cosa. and mainly yellowish. 
Venter similar in ground colour, with rather sparse black hairs. 

Legs. Yellow, slightly darker towards tarsi, with mixed black and yellow hairs. 
Coxae grey-tom en ted, white hairs dorsally, black hairs ventrally. 

Wings. With well-defined pattern, both bands present. Tegulae with whitish tuft : 
subepaulets bare, clear yellow, in marked contrast to black bristles of base of costa. 

Length. Body 12 mm.; wing 14 mm. 

d. Agrees with the female except In the following details: pale pubescence distinctly 
yellow: parafacials with yellow tuft; mesonotum with yellow hairs on anterior border, 
otherwise with only Isolated golden hairs to he detected among black hairs of meso- 
notum and scutellum; abdominal tergites 3-^6, blackish, with translucent yellow hind- 
margins. Black hairs more erect than in female, and median yellow triangles more 
conspicuous. 

The female from Papua, Mt. Tafa, is provisionally assigned to this species. It 
differs from the Japen specimens in having blackish suhepaulets, some pale hairs on 
the parafacials, and slightly differently shaped palpi. In some respects it is transitional 
between inaularis and yjoooosa. 
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Genus SiLviue, 

Silvius Meigen, 1330, SyH. Beachr., 11, p. 37. Genotype: rabanttif vit%li Fabr., monotypic. 

The following species of Pangonlinae from New Guinea have been recorded in the 
genus *dimiAiatua Wulp, 1888: •dtwidiafas subsp. fe/moralis Ricardo, 1913: 

♦dtf vieijerei, ^vittatna Ricardo, 1918; latMriatus, atriventer, atripes, variegatus, 
7 atratus Sohnurinans Stekhoven, 1926, and ^avicinctus S. Stekboven, 1932. 

I have seen specimens of those species marked with an asterisk, none of which is a 
true Silvim. The genotype, a Palaearctic species, has a very broad, almost square trons, 
with a large, circular, shining callus, and the first antennal segment is more than twice 
as long as the second (Fig. 7). All the New Guinea species have a narrow, elongate 



Fig. 7. — Frons and antenna of Silvius vituli Fabr., genotyjK! of Silvmw. 

frons with a club-shaped callus which has a median extension reaching almost to the 
ocelli, and the first antennal segment is not much longer than the second (Fig. 8). All 
the specimens I have seen have the frons narrowest at the antennae, broadening towards 
the ocelli. 

As long ago as 1880, Osten Sacken (Ann. Mus. Civ. Genova, 16, p. 419) stated that 
j8ih?in« dimidiafi/s Wulp “Is not a true j8iluins because the antennae have a different 
shape and the eyes show trace of a broad crossband, while the known species of 
/Sfilvitts have greenish eyes, dotted with black”. His specimen belonged to femoralis 
Ric., but that does not affect his argument. Ricardo (1913, p. 406) says the eyes of 
vittatua '‘appear to have one or more greenish crossbands, as in 8. dimidiatuB^\ 1 have 
not seen any clear trace of a crossband in any of my specimens, but Wulp menllons It 
and indicates it in his figure. 

It seems clear, therefore, that the first four species on the list must be placed in 
a genus other than JSilniws. 1 have not seen any of Schuurmans Stekhoven 's species, 
but from the descriptions, atriventcr and flavicincta seem to agree with this group In 
the structure of the frons. The others have no ocelli, and the frons, though elongate, 
is of variable shape. 

Enderleln (1922, p. 344) erects a new genus Pareucompaa for 8. dimidiatus Wulp 
because it has only four segments in the fiagellum of the antennae (l.e., a total of six 
antennal segments) — one fewer than in true Silviua. This applies to femoralia also, 
but not to the other New Guinea species, Wulp and Schuurmans Stekhoven each figure 
five flagellar segments in dimidiatua, but they are wrong. Every specimen 1 have seen 
has only four, and an antenna cleared and mounted In balsam shows that there are 
four clearly-defined segments. 

Since dimidiatiiH and femoralU have such a distinct facies, with Chrirsops-llke 
wings (Fig. 9), and thorax and abdomen strongly patterned, it is oonvenient to dlvids 
them off fi’om the rest in this way. Pseudopangonia Ricardo, which also has four 



BT H. OLDBOYP. 


139 


flagBlIar Beisrments, is a larg^j, yellow, Ooenomyia-like form: moreover, the flagellum is 
ot altogether diflerent construction, awMike, with a broad basal segment and three 
longer, cylindrical ones. S^ilvioi^hrysops Szilady, from Formosa, is rather inadequately 
described. The CVi?*y«op#-like wing-pattern seems to resemble that of dimidiatuH, but 
the frons is described as squarish and the callus oval. There is no mention of the 
number of flagellar segments. 

The two other New Guinea species 1 have seen — dc meijerei Ric. and tntfatus Rlc. — 
although apparently closely related to Pareucompsa by the structure of frons and first 
antennal segment, yet can clearly l)e divided off by their five-segmented flagellum and 
their general appearance, with clear wings and a dull body-colour. They agree, in fact, 
with those Australian species hitherto included In the genus As pointed out 

by Ferguson (1926, p. 301), these species fall Into several groups, but as I have not 
made a close study of them I am not prepared to suggest any further subdivision. H 
is clear, however, that they do not belong to SiJvius, and that some other name must 
be found for them. 

The name Lilaea Walker is available and will be discussed below. 

Genus Rabkucompsa. 

Par€uco7npsa Enderlein, 1922, Mitt, zool, Mus, Berl., 10 (2), p. 344; 1925, Ibid., 11 (2), 

p. 320. Genotype: Silvius dimidMuit Wiilp, by original designation. 

Distinguished ft'om Bilvius Meigen by the elongate frons and frontal callus, the 
shorter first antennal segment (Fig. 8A), and the reduction of the flagellar segments 
of the antenna to four. The two known species are distinctive in appearance, with a 
Chryaopft-lWae wing- pattern, and thorax and abdomen divided Into a light anterior half 
and a dark posterior half. 


Khy to Spiocibs. 

Femora blackish, concolorous with tibiae and tarsi. Socond abdominal segment with a clear- cul 
transverse dark brown band, following .segnientH more or le.ss distinctly banded 

(limidinta Wulp 

Femora orange, contrasting with tibiae and tarsi, which are darker. Second abdominal segment 
without a transverse band, following segments obscurely darkened, but not dlHtlnctly 
banded fvmornli.^ RU^. 


PAKBCCOMPSA UIMIIUATA. 

dimidiatus Wulp, 1868, Tijdschr. v. NnL, xi, p. 6: Ricardo, 1901, Ann. Mag. nat. 

Hist., (7) vlli, p. 296; 1913, Nova Ouinea, ix, zooL, 3, p. 404; Schuurmaus Stekhoven, 

1926, TreuMa, vi, suppl., p. 66. 

This very distinct species is figured in colour by van der Wulp, and is easily 
separated from the following species by the characters given in the key. In both 
species the mesonotum is yellow-green before the suture and chocolate-brow u behind it. 

Length. Body 12 mm.; wing 10 mm. 

Wulp described this species originally from Salawati I,, and Ricardo records It 
from Regen I., Blvak I. (one of Lorenz’s localities, presumably in the same general 
area), and Digul. In the present collection is a series of 29 females, all from 
Bernhard Camp, 150 ft., 4.vili“16,x.38 (Olthof) — i.e., in the river valley, close to the 
oxbow lake on which this camp was founded (Archbold et al, 1942, p. 231). Two of 
Ricardo’s specimens are in tlie British Museum, and there is one from Bigot’s collection 
labelled simply ’‘New Guinea”. Type in Rljks Museum of Natural History, Leyden, 

PaBKUOOMPSA FEMORAI.1B. 

diniidiatus Osten-Sacken, 1880» Ann. Mm. Civ. Oemmi, xvi, p. 478, nor Wulp. 

dimidiatua subsp. femoralU Ricardo, 1913, Nova Guinea, ix, zool., 3, p. 406; 

Schuurmans Stekhoven, 1926, Treuhia, vl, suppL, p. 67. 

This apecies is distinguished from dimidiatua by the characters given in the key 
above. On the average it is slightly smaller. 

Length. Body 11 mm.; wing 10 mm. 
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Ricardo defter ibed this as a subspecies of dimidiatuit, presumably doubting whether 
the colour differences existing were sufficiently great to justify erecting a new species. 
These difTerences are very constant in all the spclmens I have seen. The two cannot 
be geographical races, since they occur together, Dor6 I., Osten-Sacketi’e locality, Is 
quite near Salawati I., the type-locality of diviidiatus; both forms occur on Kegen 
and the Archbold Expedition took both together at Bernhard Camp. It is possible 
that this may be a dimorphic species, with two genetically distinct forms occurring 
roughly in the proportion of three to one, but there is no direct evidence for this. Until 
the two forms can be studied in the field it is better to regard them as distinct species. 



Described from Regen I., Osten-Sacken’s specimen, recorded as diniidiatus, was 
from DorC I. In the present collection 10 $$ from Bernhard Camp, 150 ft., 4.vili'-16.x.38 
(OUhof): 1 5 Wewak (C. M. Deland). One of Ricardo's paratypes is in the British 
Museum. Type in Rijks Museum of Natural History, Leyden. 

Genus Lii.aea. 

Lilaea Walker, 1860, /n.v. 8aund^ Dipt., I, p. 11; Surcouf, 1921, In Wytsinan, Genera 
insect,, 176, p. 561; Ferguson, 1924, Bull. ent. Res., xlv, p, 264; 1926, Ibid., x^, 
pp. 294, 302, 304. Genotype: Pnnffonia Uirida Walker, hy designation of Coquillett, 
1910. 

Distinguished from BiUnus Melg. by the elongate frons and frontal callus, and the 
shorter first antennal segment (Figs. SB, C), and from Pareucompsa End. by having 
five flagellar segments (total antennal segments seven). The New Guinea species are 
clear-winged, yellow to blackish-brown In colour, sometimes with abdominal markings 
like those of Tahanus, 

There has been much confusion about this genus. Walker included two species, 
roei King and lurida Walk., and stated in his generic description: “stump of the tip 
cross-vein about twice the length of the shorter side of the angle from which it springs". 
Coquillett (1910) selected lurida as genotype. Enderlein (1922, p. 341; 1926, p. 297) 
erroneously selected roei as type, thus making the genus a synonym of Scaptia, 
According to his description and key, lAlaea had no appendix to R^. Ferguson (1924, 
1926) was puzzled by the discrepancy between Enderleln’s description and Walker's, 
but omitted to notice that specimens of lurida Identified by himself (now in the British 
Museum) also bad no appendix to R^. He sank lAlat^.a as a synonym of Silvius. 

In the British Museum are the type specimen of lurida (Port Stephen, New 
Holland) and the second specimen from Swan River (Richardson). These are con- 
speclflc with modern specimens determined by Ferguson, and none of them has an 
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appendix to R*. We therolore have the odd position of a genotype coiTectly selected 
from among the included species* and correctly iden tilled from its type specimen, but 
which does not agree with the original generic description. 



Fig. ih — Fareuvomptia dimidiata Walp: wing. 


In this instance, when the identity of the species is not in doubt, and we need a 
new name for the genus, I think we may disregard Walker’s statement and resurrect 
the genus lAlaea, So fur as I can see, it will include most of the Australian species 
hitherto placed in i^ihHus. 1 have not seen a true ^ilvius from Australia. 

Ricardo (1900, Ann. Mag. nat. Mist., (7) v, p. 121) says: *'The Pangonia lurida, 
Walker is not a Pangonia at all; it belongs to the Tabaninae.” This statement has 
contributed to the confusion about this species, and so far as I can see, it is without 
foundation. The type of lurida has lost both its hind legs, but the paratype has distinct 
spurs, and both specimens have ocelli. 

Lilaea de meijerei. 

de meijerei Ricardo, 1913, Nova G’«<«ea, ix, zool., 3, p. 405. 
i^UviuH de Meyeri Schiiurmane StekUoven, 1926, Treubia, vi, suppl., p. 52. 

A small species, of rather nondescript appearance. Thorax grey-brown, with a 
greenish tinge In certain lights. Abdomen yellow-brown basal ly, black-brown aplcally, 
with yellow segmentations, each fringed with yellow hairs. Frons broadened towards 
vertex, with elongate, club-shaped callus almost reaching ocelli. 

Length. Body 10 mm.; wing 9 mm. 

Distinguished from vit talus Ric. by the absence of the broad median stripe on the 
abdomen, and from the species described by Schaurmans Stekhoven by the shape of 
the frons. 

Described from Rivlerkamp (Lorenz) and the Digul River. In the present collection: 
Bernhard Camp, 160 ft., 7.viil.38-16.x.38 (Olthof), 23 Bernhard Camp, 300 ft.. 
10.lv.39 (Toxopeus), 2 $5; Angoram (no date) (S. H. Christian), 6 JJ; N. New Guinea 
Exped., 1926, Motorblvak, vi (v. Leeuwen), 4 Type in Rijks Museum of Natural 
History, Leyden. 

The two females taken in April by Dr. Toxopeus at a slightly greater altitude than 
the others can be correlated with the Interesting account In Archbold eA ah (1942, 
pp. 233 et seq.) of the wet season flooding of the Meervlakte and the change in 
conditions around Bernhard Camp. 


Lilaea vittata. 

vittatus Ricardo, 1913, Nova Ouinea, ix, zool., 3, p. 405; Sehuurmans Stekhoven, 
1926, Treubia, vl, suppl., p. 49. 

A clear-winged species, distinguished by the pale median stripe of the abdomen 
formed by a broad equilateral triangle on each segment, occupying about one-third of 
the width of the abdomen. 

Length. Body 11 mm,; wing 10 mm. 


D1PTt;RA or THE TERKlTOStV 0»' KBW OHimU. XIV. 


142 


Known to me only from the two paratypee collected by Lorene and deposited in the 
British Museum, this species is not represented in the present collection. Type in 
Rijks Museum of Natural History, Leyden. 
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REVISION OF AUSTRALIAN LEPIDOPTERA. OECOPHORIDAE. XIV.* 

By A. JKKmtiH Ti UNKU, M.D,, F.R.E.S. 

May, J947. 1 

This Part contains a number of genera, in which the male antennae have extremely 
mjnute ciliatlons or none. They appeal to form a natural group, the DepressadiaUea of 
Meyrick, although this antennal distinction is not absolute. A remarkable form of pupa 
*'nuked, angular, and seated erect on a truncate tall. Imitating a leaf" (Meyrick) is a 
structural ciiaract.er found in many genera, Kutorna, Enpsclia, ^corpiopsis^ Peritornvuto, 
Torncii, CrpptoU’chia, and others, which differ greatly in their imaginal state. 

This revision commenced in 1932, and since then many new species have accumu- 
lated. These will be dealt with in the next T*art. 

Kf-jt/ to (truffa. 

1. Antennae as Inn*; as fnre* wings 2 

Antennae tnn<’h shorter than forewing.s .1 

2. Ulndwings laneeolnle A noiHrntwura 

Hitidwings elongate-ovate Idiovhron 

2, Forew'ing.'? with 7 and 8 coitH-ident . 4 

Forowing.s W'lth 7 and 8 ptalked . G 

i. Forewings with 2 from angle 5 

Fnrew'ings with 2 from well l)eforc angle Octasphales 

r». HitidwingH hinoeoUite PhoUntin 

Hindwings elongatn-ovaie fiJuptieUa 

(i. Hindw’lngH lanceolate 7 

Hiiulw'ing.s ehtngate-ovate . . 12 

7. Palpi with second joint not reaching base of antennae 8 

with second joint reaching base of antennae. !) 

8. llindwings wdth r> absent ^^oHaUdcuHs 

Hindw'ings with 5 present Lenrobc/« 

ir Hind wings with 2 and 4 coincident Leptocopa 

IHndwings with 3 and 4 not coincident to 

to. Forewings with 7 to termcn 11 

Forewings with 7 to costa 12 

1 1. Antennae without pocten Dyttthrtmeta 

Antennae A^ith pecten Oelophaws 

12. IVdpi with second joint reaching base of antennae Afvleonoma 

Palpi with second joint not reaching ba.se of antennae Kuiorna 

i;i. Ftjrewlngs wdth tufts of scales 14 

Korewdngs smooth ir> 

14. Paipl with terminal joint rough-haired Tonica 

Palpi with terminal joint smooth ».'^c»iiocopt» 

Ifi. Palpi long, porrect. rough-sealed 16 

Palpi ascending, recurved 18 

IG, Forowlngs with 2 from beft>re angle Enchovraten 

Forewings with 2 from two-thirds 17 

17. Forew'ings with 0 approximated to 6 at origin Macrobvla 

Forewtngs wdth 5 from middle of cell It t^tcroahpta 

18. l^aJpi with Htjeond joint very long ; thickened and expanded at apex //e(cro&at/tra 

Paljd not so formed Hi 

19. Hlndwings with 7 curved to approach 6 scorpiopaia 

Hlndwlngs with 7 not curved 20 

30. Forewinge with 2 and 3 stalked . . . . 21 

Forewings with 2 and 3 separate 22 

21. l*alpl with second joint much thickened, rough anteriorly Paoroatiohtt 

Palpi with second Joint ^»mooth Neoaigala 

22. Forewirvgs with 7 to termen 23 

Forowlngs with 7 to apex or costa 29 


•Continued from these I’rocicwoinos^ Ixx (3-4), 98-120. 
I 
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83. Anterior tibiae broadly dilated Bi^ptoohiion 

Anterior tibiae not dilated 84 

24. Palpi with second joint not reaching base of antennae ProgofUca 

Palpi with second joint reaching base of antennae SS 

26. Head with dense tuft on crown Thudaca 

Head without tuft on crown 26 

26. Antennae without pecten 28 

Antennae with pecten Aphanta 

28. Palpi with second joint scarcely exceeding base of antennae Aoraephanes 

Palpi with second Joint three times length of fact* Haereta 

29. Palpi with second joint not much exceeding base of antennae Srachyxanola 

Palpi with second joint more than three tUnes length of face 30 

30. Hindwingfi with 5 approximated to 4 at origin Peritomeuta 

Hlndwlngs with 5 from middle of coil Cryptoleohia 


174. Gen. Anoistronehra, n.g. (dvxtcrrpoyecpor. with hooked vein.) 

Palpi long, ascending, recurved; second joint reaching base of antennae; terminal 
joint as long as second, slender, acute. Antennae longer than forewings; with strong 
pecten; in male simple. Forewings narrow; 7 and 8 stalked, 7 to costa, Hlndwings 
lanceolate; B absent. Type, A. thaumasia, 

2149. Anoistkonepba thaumasia, n. sp. {Savftaaios, wonderful.) 

cj, 5 . 20-22 mm. Head dark fuscous; face white. Palpi in female expanded, and 
second joint in male slender, smooth, but rough towards apex, fuscous, inner surface 
whitish. Antennae white with fuscous annulations, towards base rosy posteriorly. 
Thorax fuscous. Abdomen whitish. Legs fuscous; posterior pair whitish. Forewings 
narrow, elongate, costa straight to three-ftftbs, thence arched, apex acute, falcate, termen 
extremely obllQue; grey; a slender subcostal line from base to three-fourths, whitish 
faintly rosy-tinged; a similar median line from one-half to beneath apex; a third line 
strongly curved from three-fourths dorsum to midtermen; a whitish costal line from 
three-fourths to apex; cilia grey, on apex fuscous, on costa whitish. Hindwings narrowly 
lanceolate; pale grey; cilia pale grey. 

Queensland: Macpherson Rge. (8,000 ft.) In December. New South Wales: Sydney 
in March (G. M. Goldfinch). 

2150. AwoisTBONEtJBA AMMOPHARA, H. Sp. {ayKtffrpoTos, sandy-cloaked. ) 

(J, 18 mm. Head whllish-ochreous. Palpi with second joint thickened and rough 
anteriorly; fuscous. Antennae ochreous-whlUsh with blackish annulations. Thorax 
fuscous. Abdomen pale ochreous; tuft fuscous. Legs ochreous. Forewings narrow, 
costa sU’Uight to near apex, apex and termen broadly rounded; brownlsh-ochreous; a 
semilunar brown patch containing a central white spot, extending on costa to middle, 
and reaching Iralf across wing; cilia whltish-ochreous. Hlndwlngs grey; cilia whitish- 
ochreous. 

North Queensland: Kuranda (F. P. Dodd); one specimen. 

175. Gen. Idiochroa, n.g, (laioxpwoj, peculiarly coloured.) 

Palpi ascending, recurved; second joint not reaching base of antennae, smooth, 
slender; terminal joint smooth, slender, acute. Antennae as long as forewings; with 
pecten; in male minutely ciliated. Posterior tibiae hairy on dorsum. Forewings with 
7 and 8 stalked, 7 to termen. Hlndwlngs elongate-ovate; neuration normal. 

2151. Idtociikoa anthina, n. sp. {dvBtPQs, like a flower.) 

cf. 12-14 mm. Head and thorax white, sometimes tinged with yellow. Palpi 
fuscous. Antennae 1; pale grey. Abdomen pale grey; tuft whitish. Legs whitish; 
anterior pair pale grey. Forewings narrow, posteriorly dilated, costa moderately arched, 
apex obtuse, termen straight, oblique; yellow, tinged with reddish towards costa; a 
rather broad oblique fuscous line from mid-dorsum, curved outwards above to two- 
thirds costa; a broad reddish-fuscous terminal line; cilia yellow. Hlndwlngs and cilia 
whitish. In its colouring it resembles the genus Crocanthei, 

Queensland; Nambour in November; Brisbane; Mt. Tamborine In November; four 
specimens. 
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176. Gen. Pholktjtib Meyr. 

Ezot After©., i, p. 807. 

Palpi smooth, slender, ascending, recurved; second joint not reaching base of 
antennae; terminal joint shorter than second, acute. Antennae without pecten; in 
male simple. Porewings with 7 and 8 coincident. Hindwings lanceolate; neuration 
normal. Type, P. neolecia Meyr. 

2162. Pholeittih uoloxytha Meyr., Trans. Roy. Soc. Awsf., 1906, p. 60. = suffusca 
Turn., Proc. Roy. Soc. Qd., 1919, p. 128. (Nambour to Beaconsdcld, Maepherson Rge., 
Ebor, Mt. Wilson.) 

2153, Phoi.eutis neoi.w^ta Meyr., Exot. Micro., i, p. 307. - analcis Turn., Proc. Roy, 
ffoc. Qd,, 1919, p. 128. (Cairns, Nambour to Maepherson Rge.) 

2154. Pholeutis apkepta, n. sp, (oTrpeirroj, undistinguished.) 

$. 10-11 mm. Head and thorax fuscous. Palpi pale fuscous. Antennae fusemi- 
Abdomen fuscous; apices of seginents on dorsum sometimes reddish. Legs pale 
fuscous: middle tibiae whitish. Forewings narrow, slightly dll ^d posteriorly, costa 
straight, apex rounded, termen obliquely rounded; fuscouiy sprirr^led with dark fuscous; 
cilia fuscous. Hindwings and cilia grey. The middle tlblso are whitish, not white as 
in P. holoxytha. 

Queensland: Maepherson Rge. In November: three specimens. 

2155. Pholetttik i.kucx)prkpta, n. sp. (\cvK07rpenros, doco rated with white.) 

cf. 12 mm. Head dark fuscous; face brassy-whitish. Palpi ochreous-whitish ; apeji 
of terminal joint fuscous. Antennae dark fuscous, apical eighth white, sharply defined. 
Thorax whitish. Abdomen fuscous. Legs fuscous. Forewings narrow but somewhat 
dilated posteriorly, costa slightly arched, apex rounded, termen very obliquely rounded; 
fuscous; a short inwardly oblique mark from costa before middle; a large circular 
blackish spot above dorsum beyond middle; followed by ill-defined subcostal and 
subdorsal dots; a white subcostal spot beneath three-fourths costa; cilia fuscous, 
Hindwings and cilia grey, 

Queensland: Maepherson Rge. (4,000 ft.) in December; one specimen, 

2156, PnohKUTis AtmopiiEPTA, n. sp. {AKpowp€Tro$, with decorated tips.) 

10-12 mm. Head and thorax fuscous; face and palpi whltlsh-ochreous. Antennae 
fuscous; apical fifth white, sharply defined. Abdomen fuscous. Legs fuscous; anterior 
and middle tibiae and tarsi with whitlsh-ochreous rings. Forewings narrow, apex 
rounded, termen very obliquely rounded; fuscous with slight purple gloss; a whitish- 
ochreous longitudinal mark in middle of disc at three-fifths; a series of minute whltlsh- 
ochreous dots very near termen; cilia fuscous. Hindwings and cilia dark grey. 

Queensland: Maepherson Rge. (3,500 ft.) In December and January; four specimens. 

177. Gen. Leptocopa Meyr. 

Exot. Aftcro., ii, p. 220. 

Palpi ascending, recurved, long, slender, smooth; terminal joint long. Antennae 
with pecten; in male simple, serrulate. Porewings with 7 and 8 stalked, 7 to termen. 
Hindwings lanceolate; 3 and 4 coincident. Monotypical, I do not know this genus, 

2167, t L eptocopa notoplfxta Meyr., Exot, Micro,, 11, p. 221. (Cairns.) 

178. Gen. Meleonoma Meyr. 

Exot. Micro,, i, p. 266. 

Palpi ascending, recurved ; second joint reaching base of antennae, slightly 
thickened with appressed scales; terminal Joint shorter than second, slender, acute. 
Antennae without pecten; in male simple. Forewings with 7 and 8 stalked, 7 to costa. 
Hindwings lanceolate: neuration normal. Type, M. stoniota Meyr. from India. There 
are five species from Borneo, Ceylon and India. 

2158. tMELEOJfOMA PSAMMOTA Meyr., Exot. Micro., 1. p. 304. (St, Helens.) 

2169. Melronoma capnodyta Meyr., Trans. Roy, Boc, 8, Aust,, 1906, p* 85. (Atherton* 
Townsville, Duaringa, Brisbane.) 

2150. tMixRowoHA basanista Meyr., Exot, Micro,, 11, p. $18. (Melbourne.) 



KEVISlOW OF AUSTHAWAN I.KPlliKlPtKRA. OECOFlfOKIDAR. XIV, 


lie 


170. Gen. SoHAr.iOEUTi8 Meyr. 
t/. Bovibay Nat. Hist. Soc., xvil, 1906, p. 409. 

Palpi short, slender, ascending, recurved; second joint not reaching base of 
antennae: terminal joint shorter than second, acute. Antennae without pecten; cilia- 
tions in male short (one-half). Forewings with 7 and 8 stalked, 7 to costa. Hindwlngs 
lanceolate; 5 absent. Type, C. *'sciiarias Meyr. from Ceylon. 

2161. Son AiJUKo rm (’ocytias Meyr., Exot, Micro,, 1, p. 307. (Brisbane, Stanthorpe, 
OiBborne.) 

180. Gen. Lfokoukla, n.g. with smooth weapons (palpi).) 

l*alpi smooth, slender, ascending, recurved; second joint not reaching base of 
antennae; terminal joint two-thirds to 1, acute. Forewings with 7 and 8 stalked; 
7 to costa. Hiiidwings lanceolate; neuiatiou iiorrnal. Type, L. holophacu Turn, 

2162. iacimoBKLA iioi.ofuaka Turn. Proc. Hop, i^oc, Qd., 1919, p. 127. (Ebor.) 

2163. Lfuuobki.a ct.vstomita, n. sp. ( «:\aaTOMtTos, with broken thread.) 

15 rnin. Head, thorax and palpi whitish. Antennae whitish with fuscous 
annulations. Abdomen grey. Legs whitish. Forewings narrow, costa slightly arched, 
apex rounded, termen very oblique; whitish with a few dark fuscous scales: markings 
dark fuscous; first <liscal at two-fifths, united by an Interrupted line through second 
discal at two-thirds, and prolonged to apex, plical before first discal; an interrupted 
terminal line; cilia whitish with a few fuscous points. Hind wings and cilia pale grey. 

Queensland; Macpherson Uge. (2,500 ft.) in November; one specimen. 

2164. LKtntouKLA prxcTA, n. sp. (punctus, dotted.) 

(j*. 12 rum. Head and thorax white. Palpi fuscous; terminal joint and apex, of 
second whitish. Antennae grey. Abdomen fuscous. Legs fuscous; posterior pair 
whitish, Forewings narrow, costa slightly arched, apex pointed, termen very obliuue; 
white; stigmata minute, blackish, approximated, first discal at one-fouri.h, pUcal beyond 
it, second discal at one-half; a dot above tornus; cilia white, Hindwings and cilia 
pale grey. 

North Queensland: Stannary Hills, Atherton Tableland (Dr. T. Bancroft); two 
specimens. 

181. Gen, Dvhtiihknkta, n.g. {SvffHprjtfrjros, mournful.) 

Palpi slender, ascending, recurved; second joint reaching base of antennae; terminal 
joint shorter, acute. Antennae without pecten; In male minutely ciliated. Forewings 
with 7 and 8 stalked, 7 to termen. Hindwings lanceolate; neuration normal. 

2165. Dysthrenkta i.kpta, n. sp. (Xeirrof, tiny.) 

c?, 9-10 mm. Head and thorax whitish sprinkled with fuscous; face white. 

I‘ulpi whitish. Antennae w^hitish annulated with blackish. Abdomen fuscous; tuft 
whitish, Forewings narrow, costa gently arched, apex pointed, termen oblique; whitish 
uniformly sprinkled with fuscous; obscure fuscous dots on costa at base, middle, and^ 
before apex; a dot on tornus; cilia whitish with fuscous points. Hindwings and cilia 
grey-whitish. 

North Queensland: Kuranda In Septeniber; four specimens. 

182. Gen. Deu)fhanbs, n.g. (5»jXo0ai^s, conspicuous.) 

Tongue present. Palpi with second joint reaching base of antennae, slightly rough 
anteriorly; terminal joint 1, as stout as second, slightly rough anteriorly. Antennae 
with basal pecten; ciliations In male extremely minute. Forewings with 7 to termen. 
Hindwings lanceolate; 3 and 4 connate, 6 from below middle of cell. 

Characterized chiefly by the palpi and hindwings. The exact affinities of this genus 
arc doubtful. 

2166. DfcnoeifANKH antukaokphai.a Low. 

Trnn^. Hoy, 8! or. /S\ 1894, p. 106. 

?. 14-“16 mm. Head and palpi blackish. Antennae blackish. Thorax white. 
Abdomen imie grey. Legs ftikcous; posterior pair Whltldh. Forewings narrow, costa 
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gently archnl, apex rounti-poinled* l«i'men very oblique; white; markingt^ blackiBh; a 
brpud sub-basal fascia, biconcave, extending on costa from base to one-third, on dorsum 
much narrower; a Bimilar fascia at apex, extending from three-flftliB costa to apex an^ 
both sides of tornua; a wiilte costal subapical dot; cilia white, on tornua fuscous. Hlnd^ 
wings broadly lanceolate; grey; cilia grey. 

Queensland: Duaiinga; Brisbane In December, Toowoomba in Novenvber; four 
specimens, including I.ower's type, Dower givers Sydney aa liia locality, but tins is 
probably an error. His type is labelled *‘Duaringa*'. 

183. Gen. Eutokna Meyr. 

A.;?. Just.. 1889, p. 157. 

Palpi ascending, recurved, long, smooth; aecomi Joint much exce<‘dlng base of 
antennae; tliickened with appressed scales, sometimes rougii or tufted at apex; terminal 
joint much shorter tlian second, slender, acute. Antennae without perten; in male 
simple. Forewlngs with 7 and 8 stalked, 7 to costa, 6 sometimes to apex. Hindwings 
lanceolate; r> curved, usually ai)proxi mated to 4 at origin, sometimes to G after origin. 
Type, F. car^orhra Meyj'. from New Zealand. In addition to the twelve Australian 
species there are two from New Zealand, one from India, and one from Africa. 

21 G7. Ettorna nEi»To<iKAPiiA Meyr., lUtiufi. Hoy, *8'oc. Aust,, 1906, p, 41. (Bunya 
Mts., Ebor, Moe, Tasmania.) 

2168. EirrouNA intonsa Meyr., ibid., 1906, p. 42. (Maci>hersou Uge., Sydney, 
Gisboine, Melbourne, H(^ulesville, Sale, Campbelltown, Tasm.) 

2169. Di’ToiiAA TuiCAHis Moyr., ibid., i>. 42. (Atherton, NamVmur to Victoria, 
Maepherson Kge., Ebor, Mt. Wilson.) 

2170. Eutokna KrouAMMA Meyr., ibid., 1906, ]). 43. (Ebor, Mt. Wilson, Mt. 
Kosciusko, Victoria, Tasmania.) 

2171. ErroRNA CAm mcola Meyr., ibid., 1906, p. 43. (Cairns to Victoria.) 

2172. Ettorna siMNTHKiuAS Meyr., ibid., 1906, p. 44. (Mt. Wilson, Gisborne, Beacons- 
tleld, Heaiesville, Launceston, Delojaine.) 

2173. Eutorxa mAtJLA Meyr., ibid., 1906, p. 45. (Victoria, Casterton, Tasmania.) 

2174. tEx^TORXA KncNKTuiKH Moyr., ibid., 1906, p. 46. {Bri.^bane. Sydney, Warragul.) 

2175. Eutora A lUTAi i.o('Os:uA Meyr., ibid., 1906, p. 45. (Eungella, Yeppoon, Mt. 
Tamborint*, Maepherson Uge,. Bunya Mts., Mt. Kosciusko, 'rasmania.) 

2176. ErroRNA jmih.ooknfs Meyr., ibid., 1906, p. 45. “ tayiiKypa Turn,, ibid., 1917, 

p. 17, (Caloundia, Brisbane, Mt. Tainborine, Maepherson Rge., Tyj inghani, Heaiesville.) 

2177. Ei^ roRXA nYHeirAXKH. n. sp. ( incou.si)if^uous. ) 

cJ", 9- 12 13 mm. Head and thorax fuscous. Palpi with second joint slendei-, terminal 
joint three-fifths; ochreous-whitlsh, apex of second and base of terminal joint fuscous. 
Antennae fuscous. Abdomen grey. Legs ochi eous-wdiitish ; anterior fuscous with whitish 
tarsal rings. Forewings witli costa gently arched, apex rounded, ternien oblicpiely 
rounded: fuscoviB: a suffused datker line from three-foin ths costa to tornus; some 
ochreous -whiiisli costal suffusion beyond middle; a dark fuscous line on apical fourth 
of costa and on termen; cilia ochreoiis-whitisU, on tornus grey. Hindwings ochreous- 
whitish suffused with grey towards apex; cilia grey. 

Queensland: Bunya Mts. in November and December; three specimens. 

2178. Ei’tokjva pi.rMBKoi.A, n, sp. {plurnbvolufiy leaden.) 

(^, 9 , 14"17 mm. Head, antennae and thorax fuscous. Palpi with second joint much 
thickened with appressed scales, terminal Joint slender; fuscous; terminal Joint with 
basal and median whitish rings. Abdomen grey. Legs fuscous with whitish rings. 
Fprewings narrow, costa gently arched, termen A^ery obliquely lounded; leaden-grey; 
stigmata fuscous, first dlscal at one-third, pUcal beyond it, second dlscal at two-lhirda^ 
sometimes a line between discals; cilia grey. Hindwings and cilia pale grey. 

Weatem Australia: Albany and Denmark In March ( W. B. Barnard) ; ten specimens. 
Type in Queensland Museum, 
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184. Gen. Maobobsla, n.g. with long palpi.) 

Palpi porrect: second joint very long, thickened with rough scales above and 
beneath; terminal joint moderate, obtuse. Antennae without pecten; In male simple. 
Posterior tibiae smooth with some hairs on dorsum, Forewlngs with 2 from two-thirds, 
8 from angle, 4 separate, 7 and 8 stalked, 7 to apex. Hlndwings ovate; 6 approximated 
to 6 at origin. 

2179, Mackobki.a ApRtjpTA, n. sp. ( dir/»eirroj, unadorned.) 

29 mm. Head, thorax, palpi, and antennae fuscous. Abdomen grey-whitish with 
fuscous bars. Legs fuscous; posterior pair whitish. Forewlngs elongate, costa moderately 
arched, apex rounded, termen straight; oblique; ochreous-whitish sprinkled with fuscous; 
a fuscous costal streak from base nearly to apex; another streak on fold; a longitudinal 
median streak from middle to three-fourths; cilia ochreous-whitish. Hlndwings and 
cilia grey-whitish. 

Western Australia: Perth in August; one specimen received from Mr. W, M. 
Matthews. 


185. Gen. Hetkbochyta Meyr. 

7'rans. Roy. i^oc. B. Aust., 1906, p. 47. 

Palpi very long, porrect; second joint very long, thickened with dense rough scales 
above and beneath; terminal joint much shorter, slender, pointed. Antennae without 
pecten; in male simple. Posterior tibiae smooth with some hairs on dorsum, Forewlngs 
with 2 from two-thirds, 7 and 8 stalked; 7 to apex. Hlndwings elongate-ovate; 6 from 
middle of cell. Type, H. xenomorpha Meyr. 

2180. Hktkkooiiyta astebopa Meyr., Trann. Roy. Boc. 8. Aust.j 1906, p. 48. (Sydney, 
Sale, Mt, Lofty, Waroona, Perth.) 

2181. Heteeociiyta pykobkma Low., Proc. Linn. Sot\ N.S.W., 1899, p. 109, Meyr., 
Tram. Roy. 8oc. 8. Aust.. 1906, p. 48. (Broken Hill.) 

2182. Hetkkociiyta xenomorpha Meyr., ibid., 1906, p. 48. (Perth.) 

186. Gen. Hktekobatuba Low. 

Trans. Roy. 8oc, 8. Amt.. 1901, p. 89, Meyr., Gen. Ins. Oecoph.. p. 160. 

Palpi very long, ascending, recurved; second joint more than three times length of 
face, thickened with appri^ssed scales, expanded at apex; terminal joint less than one-half 
second, slender, acute. Antennae without pecten; !u male simple. Forewlngs with 
2 from before angle; 7 and 8 stalked, 7 to apex. Hind wings elongate-ovate; neuration 
normal. Type, H. xiphosenta Low. 

2188. tHETEKOUATKJiA xipitosKMA Low., Trons. Roy. 8oc. 8. Amt.. 1901, p. 90, (Broken 
Hill.) 

2184. tHETKKosATiiitA BIMACULA Low'., Ibid., 1901, p. 90. (Broken Hill.) 

2186. tHKTEKOBATiiRA TETKACENTUA Meyr., ibid., 1906, p. 47. (Geraldton.) 

2186. fHETKBOBATHBA iNFESTA Meyi*., Exot. Micro.. ii, p. 388. (Melbourne.) 

2187. HETKHonATnuA catouyctopsis Low., Trans. Roy. 8oc. 8. Aust., 1898, p. 184. 
(Mt. Lofty.) 


187. Gen. Knchocratks Meyr. 

Piioc. Linn. Soc. N.S.W., 1882, p. 442. 

Palpi very long, porrect; second joint very long; much thickened with dense rough 
scales above and beneath; terminal Joint short, slender, acute. Antennae without 
pecten. In male simple. Forewings with 2 from before angle, 7 and 8 stalked 7 to costa. 
Hlndwings ovate; 5 curved and approximated to 4 at origin. Type, E. glaucopis Meyr. 

2188. tFNCHocHATEs VE8PERA8CENS Meyr., Exot. Micro., ii, p. 390. (Adelaide.) 

2189. ENchoceates picrophylla Meyr., Proc. Linn. Soc. N.S.W., 1886, p. 827. 
= soreutis Meyr., Ibid., 1887, p. 929, (Sydney, Mt. Lofty.) 

2190. Enchockates olauoopib Meyr., ibid., 1882, p. 443. (Stanthorpe, Sydney. 
Victoria.) 

2191. tENciiocRATEs PHAEDRYNTI8 Meyr., ibid., 1887, p. 929. (Albany, OolUe.) 
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188. Gen. Ettpselia Meyr, 

Pboc. Linn. 8oo. N.S.W., 1880, p. 132. Trans. Roy. $oc. 8. Aust, 1906, p. 38. 

Palpi, ascending, recurved, smooth, slender, short; second joint reaching middle of 
face; terminal Joint one-half second, pointed. Antennae without pecten; in male 
simple or with minute clliations. Forewings with 7 and 8 coincident. Hind wings 
elongate-ovate; neuratlon normal. Type, E. satrapella. Sixteen Australian and one 
Indian species. 

2192. Eupselia melanostrepta Meyr., Pboo. Linn. Soc. N.S.W., 1880, p. 223. (Tweed 
Hds., Stanthorpe, Tenterfleld, Glen Innes, Gisborne, Melbourne, Beaconsfleld, Hobart, 
Mt. Lofty, Waroona.) 

2193. Eupselia theobeixa Meyr., ibid., 1880, p, 222. (Brisbane, Warwick, Stanthorpe, 
Cunnamulla, Sydney.) 

2194. tEupsEUA PERCU8BANA Walk., XXX, p. 998. Meyr., Puck?. Linn. Soc. N.S.W., 1880, 
p. 219. (Tasmania.) 

2195. Eitpsfxia satbapklla Meyr., Ibid., 1880, p. 220. - indozona Low., ibid., 1899, 
p. 116. (Brisbane to Victoria. Stanthorpe. Ebor, Charleville, Launceston, Cunderdin.) 

2196. Eupseija belteha, n. sp. (/3«Xr«poj, better.) 

c?. 18 mm. Head and palpi yellow. Antennae grey. Thorax fuscous; anterior and 
posterior spots and apices of tegulae yellow. Abdomen fuscous; apices of segments 
yellowish. Legs fuscous with whitish-ochreous tarsal rings; posterior pair except tarsi 
yellow. Forewings gently arched, apex rounded, termen obliquely rounded; yellow; 
costa to middle suffused with fuscous; a fuscous terminal blotch containing long whitish 
longitudinal striae preceded by two transverse Iridescent purple streaks; a yellow dot 
on costa before apex, and another minute dot on dorsum at three-fourths; five blackish 
dots on lower half of termen, of which alternate three are partly edged with brilliant 
gold; cilia fuscous, on costa yellow. Hindwings with termen gently rounded; yellow; 
margin around apex fuscous; cilia fuscous. Near E. safrapella, differing chiefly in the 
hindwings. 

Queensland: Charleville in September; one specimen. 

2197. Eupseua axtjcpakna, n. sp. ( praiseworthy.) 

cJ. 11-12 mm. Head grey; face whitish. Palpi whitish. Antennae whitish with 
fuscous annulations. Thorax fuscous; tegulae more or less whitish. Legs fuscous; 
posterior pair whitish. Forewlngs with costa gently arched, apex rounded, termen 
obliquely rounded; pale yellow; markings fuscous; a moderate straight-edged basal 
patch; several fine short strlgulae from costa; a largo sharply defined apical patch, its 
edge nearly straight; cilia fuscous. Hindwings and cilia grey. 

Queensland: Toowoomba in January (W. B. Barnard): two specimens. Type in 
Queensland Museum. 

2198. Eepselia oallidvab Meyr., Exoi. Micro., i, p. 306. (Darwin.) 

2199. Eitpbeua philomorpha Low., Proc. Linn. S(K’. N.S.W., 1901, p. 670. = leucaspis 
Meyr., Trans. Hoy. i^oc, 8. AusU 1906, p. 38. (Slawell, Sea Lake, Quorn, York, 
Cunderdin.) 

2200. Eupselia anommata Turn., ibid., 1898, p. 204. (Brisbane, Milmerran, Sydney.) 

2201. tEupsEXJA BVNCAPNA Meyr., Exot. Micro,, il, p. 317. (Brisbane.) 

2202. Eupselia carpocapsella Wlk., xxx, p. 998. Meyr., Puoc. Linn. Soc. N.S.W., 
1880, p. 219. ” beatclla Wlk., xxx, p. 999. Meyr., Ihioc. Linn. Soc. N.S.W., 1880, p. 219, 

holoxantha Low., Trans. Hoy, Soc. 8. Aust., 1894, p. 106. (Cape York to Hobart, 
Talwood, Birchip, Cradle Mt., Mt. Lofty, Western Australia.) 

2208. Eupselia aristonica Meyr., Proo. Linn. Soc. N.8.W., 1880, p. 218. (Emerald, 
Dalby, Sydney, Gisborne, Cradle Mt., Mt. Wellington, Adelaide, Goolwa.) 

2204. Eupbexia metabola, n. sp, (gera^oXos, variable.) 

cJ, 13-16 mm. Head fuscous. Palpi whitish, towards apex fuscous. Antennae 
fuscous. Thorax fuscous, tegulae more or leas whitish. Abdomen fuscous, sometimes 
partly ochreous; sometimes whitish at base. Legs fuscous with whitish rings; posterior 
tibiae whitish. Forewings with costa slightly arched, apex rounded, termen obliquely 
rounded; fuscous; basal area white with fuscous transverse strlgulae; a white spot 
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With a transverse fuscous strigula on costa beyond middle; Bometlmes the white basal 
area is extended to become conduent with costal spot; a white dot on costa before apex; 
several leaden-grey transverse lines in median area; subterminal area more or less 
sprinkled with very slender whitish scales; terminal edge brilliant metallic rosy-purple; 
a blackish spot encircled by metallic lustre on termen above tornus; cilia fuscous. 
Hind wings fuscous with a basal ochreous patch of variable size, in one example absent; 
cilia pale ochreous. 

Queensland: Enieiald in September; Dalby, Injune in June; Talwood; Stanthorpe 
in October. South Australia: Adelaide in October. Western Australia; Perth in 
December, Seven Hpeeimens. Type in Queensland Museum. 

2205. tKt'PHKLiA TRisTKi'HANA Meyi',, A’iPOf. Micro., I, p. 306. (Darwin.) 

2206. tErpsBxiA 'rmriiitoNA Meyr., Trans. Hop. got. g. Aiist., 1906, p. 39. (Sydney.) 

2207. fEi rsiouA iiYPsiciionA Meyr., ibid., 1906, p. 39. (Victoria, Western Australia, 
York.) 

189. Gen. Phogonu a. n.g. ( wpoyovtKo ^. ancestral.) 

Paljd ascending, recnrved, slender; second Joint not leachlng base of antennae; 
terminal joint one-half; pointed. Antennae without pecten ; ciliations in male very short. 
Forewings with 7 and 8 stalked, 7 to termen. Hindwings elongate-ovate; neuration 
norn)a1. Closely allied to EvpscHn; differing in the presence of vein 7 in the forewings. 

2208. Pkooonh’a NiPHoSTiBBifi, n. sp. ii^i4io<rTiftr}s, thick with snow.) 

(J, 9 . 16-18 mm. Head, thorax, and palpi white. Antennae wliite with fuscous 

annulations; ciliations in male ijne-third. Abdomen grey. Porewings with costa gently 
arched, apex obtuse, termen slightly rounded, oblique; a basal white patch extending to 
two-flfltiH co.sta and dorsum, with slender fuscous costal strignlae; beyond this, fuscous; 
a triangular 'white spot on three-fourths dorsum; a white line from costa near apex to 
midtermen; preceded by a brown line, and followed by a browm apical spot; several 
rosy-purple metallic lint's in posterior dark area; cilia white, below middle and on apex 
fuscous. 

Queensland: Stanthoi'pe In December and January (W. B. Baruaid); two specimens. 
Type in Queensland Museum. 

190. Gen. Sb'aiiohoopis Hb. 

Vert., p. 402 . Meyr., Gc«. Jus. Oevoph., p. 186. 

Palpi ascending, recurved, smooth; second joint long; terminal joint much shorter, 
acute. Aniennae w'itht>ul pecten; in male shortly ciliated. Forewlngs with tufts of 
scales; 7 and S stalked, 7 to apex. Hindwings ovate; neuration normal. A small North 
American and European genus. Type, g. niwUaneUa Hb. from Europe. 

2209. Sum loscoiMs Mvinia.i.A Mt'yr., Puoc. Linn. S<K’. N.S.W., 1883. p. 535. (Mt. 
Macedtjn.) 


191. Gen. Bakantoca Wlk, 
xxix, p. S16. Meyr., Puoc. Linn. Soc, N.S.W., 1904, p. 396. 

Paljii long, ascending, I'ccurvod; second joint exceeding \n\He of antennae, smooth, 
slender; t.eriniual joint us long as second, slender, acute. Antennae longer than fore- 
wings; will) pecten; in male simple. Foiew’lngs with 2 and 3 stalked or separate, 
7 and 8 stalked, 7 to termen. Hindwings elongate-ovate; 5 from middle of cell. Type, 
li. pvtehrrrima. 

2210. Bakantola prrcnfnutiMA WIU., xxix, p. 816. Meyr,, Puoc. Ltnn. Soc, N.S.W., 
1904, p. 396. r nranauhi Meyr., ibid.. 1886, p. 1040. (Cape York to Llsmore, Macpheraon 
Hge., Now Guinea.) 

2211. Bahantot.a PANAKIKTA Tum., Proc. Hoy. 8oq. Qd ,, 1917, p. 100. (Mt. Tamborine, 

New Guinea.) , 

192. Gen. Scorpiopsib Turn. 

Trons. Hoy. goc. g. Aust., 1804, p. 132. 

Palpi very long, ascending, recurved; second joint more than three times length of 
face, moderately thickened with smoothly appressed scales; terminal Joint half second, 
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wjitl^ a posterior eubapical tuft more or less developed, moderately stout, acute. Antennae 
without pecten; in male simple. Forewlngs with 2 and 8 separate or stalked, 7 and 8 
stalked, 7 to apex. Hind wings with 5 curved towards 4 at origin, 6 and 7 somewhat 
approximated at origin, gradually diverging. Monotypical. 

2212. SooBPioesiH PYUonoLA Meyr., Piior. Linn. Soc. N.S.W., 1888, p. 1041. Ibid., 
1888, p. 1041. - HUperba Turn., Trans. Hoy, *Sor'. t?. Aust., 1894, p. 133. (Cape York to 
Newcastle, Mucphcrson Rge., Bunya Mts. ) 

2213. ScoKHioi'siH niioiKMU.Atu'A Meyr., Exot. Micro,, iii, p. 620. (Cairns, Atherton.) 

193. Gen. Bi.KeTOcnrroN, n.g. ((iXenroxiruv, conspicuotis. ) 

Pulpi long, ascending, recurved; second joint much exceeding base of antennae 
thickened with smoothly appressed scales; terminal joint shorter than second, rather 
stout, acute. Antennae without pecten; in male simple. Anterior tibiae dilated towards 
apex. Korew^ings with 7 and 8 stalked, 7 to terrnen. Hindwings broadly ovate; 5 from 
below middle of cell. 

2214. BuKeToeiiiTON UKreoYattRiNA, n. sp. (\€ukot/»ow»' 05. with white triangle.) 

J*. 9- 34-26 mm. Head, thorax, and antennae grey. Palpi grey; inner surface 
whitish. Abdomen fuscous: apices of segments whitiBli'Oclu opus. Legs whitish-ochreous, 
mid tarsi with fuscous rings. Forewings suboblong, co.sta gently arched, apex rectangular, 
terrnen slightly rounded, not oblique; grey sometimes partly reddisli; a triangulai* snow- 
white costal spot beyond middle; stigmata fuscous, first <ilRcal at one-fourth, pllcal beyoHd 
it, second discal at one-half, narrowly lunate; a daik Y-.shaped suffusion from tornus 
enclosing costal triangle; subterminal area pale, purple-tinged, containing a transverse 
series of longitudinal transverse streaks: a fuscous terminal line i)receded by a pale 
line; cilia grey. Hindwings fuscous with a large yellow costal triangle; cilia yellow, 
towards tornus grey. 

North Queensland: Riingella in October. Queensland; Bunya Mis. in November 
(W. B. Barnard); eleven specimens. 

194. Gen. Psoirpsticii a Low. 

Trans, Hoy, Soc, S. Aust., 1901, p. 91. Meyr., Gen, Jns, Occopb., p. 168. 

Palpi ascending, recun-ved; second joint much exceeding base of antennae, much 
thickened with dense scales, rough anteriorly; terminal joint .shorter, stout, acute. 
Antennae with weak pecten; in male simple. Forewings with 2 and 3 stalked, 7 and 8 
stalked, 7 to costa. Hindwings elongate-ovate: 5 approximated to 4 at origin. Type, 
F, ziityphi Stn., Trans. Hut. Soc,, 1859, i>, 115. There is a second Indian species. 

2215. PHonosTKUiA zizyein Stn., Tran,s, Knt, Soc,, 1859, p. 116. ~ angusfa Wlsm. 

Moore, Lep, Ccyh, iii. p. 508. r acrolopha Low., Trans, Hoy. Sor, S. Aust., 1901, p. 92. 
(Cooktown, Townsville, Brisbane, Archipelago, Ceylon, India. liarvae on Citrus, 
Probably introduced.) 


195. Gen. Nkosioala Turn. 

Trans. Hoy. Soc. jS‘. Ai/fif., 1917, p. 118. 

Palpi long, ascending, recurved; second joint two and a half times length of face, 
moderately thickened with appressed scales. Antennae without pecten; in male minutely 
ciliated. Posterior tibiae hairy. Forewings with 2 and 3 stalked, 7 and 8 stalked, 7 to 
costa. Hindwings elongate-ovate; 5 approximated to 4 at origin. Monotyplcal. 

2216. Neosioala ckuoplasta Turn., Trans. Hoy, Soc, S. Aust., 1917, p. 118. (Mt, 
Tamborine.) 


196. Gen. ScoBPiOBSJfi Turn. 

Trans. Roy. Soc. S. Aust., 1894, p, 132. Meyr., Gen. Ins. Occoph,. p. 161. 

Palpi very long, ascending, recurved; second joint more than three times length of 
face, moderately stout, smooth-scaled; terminal joint, shorter, acute, usually with a 
posterior tuft before apex. Antennae without pecten; in male simple. Forewings with 
7 and 8 stalked, 7 to apex. Hindwings ovate; 7 curved downwards to approach 6, then 
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receding to near apex. The tuft on terminal Joint of palpi ia large in 8, pyrohola, email 
in 8. super ba, absent in 8. rhodoplauca. Type, 8. superba. Three epecies have been 
recorded from New Guinea. 

2217. SooBPiopsis BUFEKBA Tum., Trans, Roy, 8oc. 8, Aust., 1894, p, 188. 

Differs from 8. pyrohola in the more strongly rounded costa and apex of forewlngs, 
their white costal edge, and the differently arranged white spots. (Cape York, Yeppoon, 
Brisbane, Rosewood, Toowoomba.) 

2218. ScoRPiopsis PYROBOLA Meyr., Proc. Ljnx. Soc. N.S.W,, 1886, p. 1041. 

(Macpherson Rge., Llsmore, Newcastle.) 

2219. SooBPiopBis BnoDWJLAUcA Meyr., Exot, Micro,, iii, p. 620. (Cairns, Atherton.) 

197. Oen. Thitdaca Wlk. 

xxix, p, 826. Meyr., Proc. Linn. Soc. N.S.W., 1892, p. 569. 7'rans, Roy. Soc, 8. Aust., 

1906, p. 49. 

Head with dense tuft of hairs on crown. Palpi ascending, recurved; second joint 
with appressed scales, reaching base of antennae; terminal Joint shorter than second, 
slender, acute. Antennae without pecten or with a few scales only; In male simple, 
thickened. Forewlngs witli 7 and 8 stalked, 7 to ternien. Hindwings elongate-ovate; 
neuratlon normal. Type, T. ohliquella Wlk. Fifteen species. In males of T, crypsidesma, 
T, rnimodora and T. Haplonoia the face is excavated anteriorly and the palpi have 
shortened second and minute terminal Joints. 

2220. tTHUUACA jiKTKUASTis Meyr., Proc. Linn. Soc. N.S.W., 1892, p. 671. (Geraldton.) 

2221. Thudaca campylota Meyr., ibid., 1892, p. 672. (Nornalup, Bridgetown, Perth.) 

2222. TmiDACA 0 BYPSIDK 8 MA Meyr., ibid., 1892, p. 572. (Melbourne, Gisborne, Cradle 
Mt., Strahan, Mt. Lofty, Pt. Lincoln, Perth.) 

2223. THi7i)ACA iiAPLOJvoTA Meyr., ibid., 1892, p. 673. Ocn. Ins, Oecoph,, PI, v, fig. 100. 
(Denmark, Waroona, Perth, Yanchep, Geraldton.) 

2224. TiniDACA mimodora Meyr., Ibid., 1892, p. 674. (Caloundra to Sydney, Bbor, 
Katoomba, Mt. Kosciusko, Mt. Buffalo, L. St. Clair.) 

2225. Thudaca obliquklua Wlk., xxix, p. 826. Meyr., ibid., 1892, p. 576. (Atherton, 
Nambour to Victoria, Katoomba, Tasmania, Mt. Lofty, Kangaroo I.) 

2226. Thudaca monoi.kchria, n. sp. {fiovoXtxpiot, with one oblique line.) 

5 . 16 min. Head and thorax orange-yellow. Palpi whitish. Antennae grey. 

Abdomen and legs whitish. Forewings with costa strongly arched, apex acute, termen 
straight, oblique; shining white; markings orange-yellow; a broad costal streak from 
base almost to apex; leaving costal edge white; a dorsal streak throughout; a line from 
apex to three-fourths dorsum; cilia yellow. Hindwings and cilia whitish-grey. 

North Queensland: Cape York In October (W. B, Barnard); two specimens. Type 
in Queensland Museum. 

2227. Thudaca kubrilinea, n. sp. {rtihrilineus, red-lined.) 

(J, 22 mm. Head fuscous. (Palpi missing.) Antennae whitish. Thorax reddish- 
orange, posterior spot and inner edge and apex of tegulae white. Abdomen whitish. Iiegs 
fuscous: posterior pair whitish. Forewings narrow, costa slightly arched, apex obtuse, 
termen obliquely rounded; shining white; a broad reddish-orange costal line from base 
to apex; a similar dorsal line from near base to tornus and thence continued to near 
apex; cilia reddish-orange, on tornus grey-whitish. Hindwings whitish-grey; cilia 
whitish. 

Western Australia: Cunderdin in November (R. lllidge) ; one specimen. 

2228. Thudaca caumbhrotis Meyr., I^oc. Linn. Soo. N.S.W., 1892,- p. 576. 

(Geraldton.) 

2229. Thudaca cymatistis Meyr,, Ibid., 1892, p. 577. (Carnarvon.) 

2230. Thud.^ca ophiosema Meyr., ibid., 1892, p. 676. (Geraldton.) 

2231. Thudaca stadiaui.a Meyr., ibid., 1892, p. 678. (Geraldton.) 

2232. Thudaca orthodroma Meyr., ibid., 1892, p. 577. (Geraldton.) 

2233. Thudaca trabbata Meyr., Ibid., 1892, p. 678. (Noosa and Stanthorpe to 
Victoria and Tasmania, Mt. Kosciusko, Mt. Lofty, Western Australia.) 
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2234. Thubaga oikcumdateixa Wlk., xxx, p. 1012. Meyr., ibid., 1293, p. 671. 
{Brisbane, Sydney, Pt. Macquarie.) 

2286. Thudaca crtkropis, n. sp. {Kpvtputmt, icy.) 

<J, 22 mm. Head, thorax, palpi, abdomen and legs white. Forewings with costa 
rather strongly arched, apex pointed, termen straight, oblique; shining white; cilia 
white. Hlndwings and cilia white. 

* New South Wales: Maryland near Stanthorpe in December; one specimen. 

2286. Thudaca innubila Turn.. Proc. Xioy. Hoc, Tasm., 1926, p, 1B4. (Tasmania.) 

2237. Thudaca litodes, n. sp. (XtrcoBiys, smooth.) 

cf, 5 . 18-24 mm. Head, thorax, and antennae grey-whitish. Palpi, abdomen and 

legs white. Fore wings narrow-oblong, costa gently arched, apex rounded-rectangular, 
termen obliquely rounded; ochreous-whltish; cilia white. Hindwings and cilia white. 

Queensland: Emerald in September (W. B. Barnard); flve specimens. Type in 
Queensland Museum. 

198. Gen. Acbaephneh, n.g. (dicpat^i^i?*, pure, unmarked.) 

Head loosely scaled, but without erect tuft. Palpi ascending, recurved ; second joint 
reaching but scarcely exceeding base of antennae, smooth, slender; terminal joint short, 
slender, acute. Antennae without pectcn; in male minutely ciliated. Forewings with 
7 and 8 stalked, 7 to termen. Hindwings elongate-ovate; neuration normal. Allied to 
Thudaca, but differs In the absence of cephalic tuft. Typo, A. nivca, 

2238. Acraephnks nivka, n, sp. {niveuH, snow-white.) 

d, 9 . 16-22 mm. Heiid and thorax white or grey-whitish. Palpi, antennae, abdomen 
and legs white. Forewings rather narrow, costa gently arched, apex round-pointed, 
termen obliquely rounded; white; cilia white. Hindwings and cilia white, 

Queensland: Rockhampton In June; Emerald in September and April; Stanthorpe in 
February. New South Wales: Tenterfleld in March; Brunswick Hds. in January. Eleven 
specimens. 

2239. Aohaei’hneh nitida, n. sp. {nitidufi, shining.) 

c?, 9 . 16-20 mm. Head and thorax grey or whitish-grey. Palpi, antennae, abdomen 
and legs white. Forewings with costa moderately or strongly arched, apex pointed, 
termen very oblique; shining white; cilia white. Hindwings and cilia white. 

Western Australia: Waroona in .January (W. B. Barnard): three specimens. 

199. Gen. ANAtCbDES, n.g. (Weak.) 

Palpi smooth, slender, ascending, recurved; second joint reaching base of antennae; 
terminal joint shorter, acute. Antennae with pecten; in male stout, simple. Forewings 
with 7 and 8 stalked, 7 to termen. Hindwings elongate-ovate; neuration normal. 

2240. Akalcodes hyperohyta, n. sp. (vwepxvros, much suffused.) 

(j*. 14 mm. Head, thorax and abdomen fuscous. Palpi whitish mixed with fuscous. 
Antennae whitish-ochreous. Legs fuscous with whitish rings; posterior pair mostly 
whitish. Forewings with costa moderately arched, apex round-pointed, termen obliquely 
rounded; dark fuscous largely suffused with ochreous-whltish; a large pale basal blotch 
extending to midcostu and one-fourth dorsum; a dot on two-thirds dorsum; a spot on 
three-fourths costa, giving off a short line towards tornus ; cilia dark fuscous. Hindwings 
and cilia fuscous. 

New South Wales: Mt. Wilson in November; one specimen. 

200. Gen. Haebeta, n.g. {aiperot, picked out.) 

Palpi ascending, recurved, very long, smooth, slender; second joint three times 
length of face; terminal joint much shorter (one-third), acute. Antennae without pecten; 
in male simple. Forewlngs with 7 and 8 stalked, 7 to termen. Hindwings elongate-ovate; 
neuration normal. T 5 T?e, H. erpphimam. 

2241. Hakricta NiPHosciOuKS, n. sp. white-legged.) 

16 mm. Head and thorax fuscous; face ochreous-whltish. Palpi with terminal 
Joint one-third; fuscous. Antennae and abdomen pale grey. Anterior lege snow-white 
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With two blackish tarsal rings; middle pair pale greyish; posterior pair ochreoua-whttish. 
Forowings with costa moderately arched, apex subrectangular, termen straight, oblique; 
7 to termen; rosy; stigmata fuscous, first discal at one-fourth; pllcal beyond it, second 
diacal near middle; an Interrupted dark fuscous terminal line continued on apical fourth 
of costa; cilia rosy, apices pale grey. Hindwings and cilia white. 

North Queensland: Lake Barrine, Atherton Tableland, in September; one specimen. 

2242. Hakketa ixstHiPTA, n. sp. {inmriptm, scribbled.) • 

19 mm. Head, thorax, and abdomen white, (Palpi missing.) Antennae whitish. 

Legs whitish; anterior, pair fuscous; middle jiiid posterior tibiae fuscous at base. Fore- 
wings narrow, costa strongly arched, apex acute, termen very oblique; 7 to termen; 
white; markings fuscous; some suffusion at bases of costa and dorsum; a median dot on 
fold; twin dots above middle at two-lhirds; a small spot on costa near apex, connected 
by a zig-mg line with a dot above tornus; terminal dots on middle and beneath costa; 
cilia white. Hind wing and cilia white. 

South Australia: Ooldt^a in October (W. M. Mathews); one specimen. 

2243. Hakuk'I'a CRypiiTMAEA, n, sp. (#cpi'«/*iaatoj, secret.) 

c?. 15-19 rnni. Head and thorax brown. Palpi long; second joint about three 

times lengtli of face, terminal Joint one-third; browm. inner surface paler. Antennae 
brown finely burred with blackish on dorsum. Abdomen grey. Legs fuscous; anterior 
tarsi brown -whitish with blackish rings on bases of second and third joints; posterior 
pair browm-whitish. Forewings with costa moderately arched, apex rounded, termen 
obliquely rounded; 7 to termen; brown; stigmata blackish, first discal at one-fourth, 
pUcal beyond it, second (ll,s(’al at three-fifths, transversely elongate or double: a subcostal 
series of minute dots from two-thirds, curved in disc to end on dorsum before tornus; a 
teimlnal series of dots; cilia brow’U, apices W'hitlsh. IHudwings whitish with slight grey 
suffusion towards apex; cilia whitish. 

Queensland: Mt. Tambortne in November; Maepberson Rge. in December and 
January; twelve specimens. 

201, Hen, UtiAtm yzancla, n.g. with short sickles.) 

Palpi ascending, recurved; scicond joint reaching or slightly exceeding base of 
antennae, slightly oi' moderately thickened wdth appressed scales; terminal joint shorter, 
slender, acute. Antennae without pecten; in male simple or minutely ciliated. Fore- 
wings with 7 and 8 stalked. 7 to costa or apex or rarely to termen. Hlndwings elongato- 
ovate; neuration normal. IJliteis from Vryfftolechia In its shorter palpi. Most of the 
species are relatively small. Type, B. poenicea. Eight species. 

2244. BjtA<}nyzAiv<'rA I'oenioea, n. sp. {poenievus, reddish.) 

(j*. Hi mm. Head and thorax fuscous. Palpi fuscous, inner surface and extreme 
apex whitisl). Antennae fuscous. Abdomen grey; tuft whltlsh-ochreous. Legs fuscous; 
posterior pair whitish. Fore wings narrow, costa gently arched, apex rounded, termen 
obliquely rounded; 7 to costa; dull ochreous-reddish; stigmata minute, fuscous, first 
discal Ht tw'O-flfths, pUcal slightly beyond it, second discal at two-thirds; minute fuscous 
dots on apical third of costa; cilia whitish-grey, Hindwings and cilia whitish-grey, 

Queensland; Bunya Mts. in March; one specimen. 

2245. Bsaohyzancua spokima, n. sp. (<rwo|ot/woi, sprinkled.) 

cf, 9* 14-16 mm. Head and thorax whltfah-ochreouB with a few blackish scales. 

Palpi whilish-ochreous with blackish ir rotation more pronounced on terminal Joint. 
Antennae whitish-ochreous annulated with blackish; in male slightly serrate and 
minutely ciliated. Abdomen ochreous-whitlsh. Legs ochreous-whttish ; all tarsi and 
rnlddh' tibiae with dark fuscous rings; anterior pair mostly dark fuscous. Forewings 
with costa nearly straight, except at base and apex, apex rounded; 7 to costa; whitishr 
ochreous sparsely trrorated, especially towards margins, with large blackish scales; a 
small basal blackish fascia, moderate blackish discal spots at one-fourth and middle; 
cilia whitish-ochreous with a few blackish points. Hindwings grey-whUish ; cilia whitish. 

Queensland: Htantborpe in October and November; five specimens taken at rest on 
granite rocks. 
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2246. Bracuykancla A(?KmniosBA, n. sp. (dKpoKpoircroi, with apical border.) 

cj, 10“14 mm. Head fuacous; face ochreous-whitish. Palpi fuscous, Internal surface 
ochreouB-whitlsh. Antennae fuscous; In male thickened and slightly serrate. Thorax 
fuscous. Abdomen fuscous; tuft and underside whitish-ochreous. liegs fuscous; posterior 
pair whitish-ochreous. Forewings with costa i-ather strongly arched, apex rounded; 
7 to costa; grey sprinUUni with fuscous; apical third more strongly suffused with fuscous; 
two dlscal dots obscurely indicated at one-third and two-thirds, rarely another dot 
beneath the latter; a dark fuscous line or dotted chain along apical fourth of costa and 
around apex and upper part of terinen; cilia whitish-brown. Hindwings pale giey, 
towards base whitish-ochreous; cilia pale grey with a whitish-ochreous basal line. 

Queensland; Goodna, near Brisbane, in March; Toowoomba in October and December; 
four specimens. 

2247. IhiACHYZANCKA UYSOK!^KS, U. Sp. (Si'ff-ycvij*, lOWbOl U, ) 

12 mm. Head, thorax, and antennae pale grey. Palpi whitish. Abdomen pale 
grey; tuft whitish. Legs whitish. Forewings with costa moderately arclu^d, apex 
rounded, termen obliquely rounded; 7 to costa; whitish witli slight grey sprinkling; 
stigmata grey, minute, first disctil at one-third, plical slightly beyond it, second discal 
before two-thirds; a terminal series of dots extending to apical third of costa; cilia 
Whitish. Hindwings and cilia grey-whitish. 

Queensland; Toowoomba in December; one sTiecitucu. 

2248. BaAOHYZANci.A LKi'TOOKs, n. Sp. (XfTTTwdijs, inslguliicant. > 

(^. 13 nun. Head, thorax, and abdomen grey. Palpi grey, terminal joint and apex 
of second whitish. Antennae whitish-grey. Forewings narrow, costa moderately ai'Ched, 
apex pointed, termen obliquely rounded; 7 to apex; whitish with slight fuscous ii'rora- 
tion; stigmata minute, fuscous, first dlscal at one-third, plical beyond It, second discal 
at two-thirds; terminal edge fuscous; cilia whitish. Hindwings and cilia pale grey. 

Queensland; Maepherson Rgc. (2,500 ft.) in November; one specimen. 

2249. BnA()HVZAX('i.A im.acophoua, n. sp. (irXaKOfpopos, blotched.) 

d. 14 mm. Head and thorax whitish. Ihilpi with second joint reaching base of 
antennae; fuscous, terminal joint whitish. Antennae fuscous; in male serrate, minutely 
ciliated. Abdomen and legs grey. Forewings with costa gently arched, apex obtuse, 
termen obliquely rounded; 7 to termen; white with some fuscous sprinkling; markings 
dark fuscous; a costal line from base to one-third; a spot on middle of dorsum; a large 
spot on two-thirds costa, connected with a short supramedlati streak , an irregular apical 
spot; cilia whitish. Hindwings and cilia pale grey. 

New South Wales; Lismore In October; two specimens. 

2250. Brachvzan('i,a a aka, n. sp. (/Saws, humble.) 

cJ. 22 mm. Head, thorax, and abdomen oebreous-whitish. Palpi with second joint 
moderately thickened, rough anteriorly; terminal short, slender, acute. Antennae grey. 
Legs ochreous-whitish, anterior pair fuscous. Forewings narrow, costa slightly arched, 
apex rounded: termen very oblique; 7 to apex; ochreous-whitish; cUUi whitish. Hind- 
wings narrowly elongate-ovate; whitish; cilia whitish. 

New South Wales: Broken Hill in May; one specimen. 

2251. Bra('H VZANCI.A iLLKpniA Turn. Pror. /fojy, ,Voc. I'aftnu, 1926, p. 155. (Tasmania.) 

202. Gen. Tonica WIk. 

xxlx, p. 788. Meyr., Oen, fm. Oevoph., p. 167. 

Palpi very long, ascending, recurved; second joint more than three times length of 
face, much thickened with long dense hairs beneath from one-third to apex and a short 
tuft above at one-third; terminal joint shorter, slender, acute, with rough hairs anteriorly 
and posteriorly in middle half. Antennae without pecten; in male simple. Anterior 
tibiae attd tarsi ehort and broad; t>08terlor tibiae densely hairy. Thorax with a large 
double posterior crest. Forewings with tufts of rough scales; 7 and 8 stalked, 7 to 
ebsta. Hhidwings broad, suboWofig; 6 approximated to 4 at origin. Type, f. teratella 
Walk, froth India. An Ittdo-Maiayan genus of which seven species have been recorded. 
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2262. Tonic A EFFHACXEijiji. Snel., Tijd. t?. BnU, 1879, p, 11. Meyr., Tran#. Boy* Boc* 
Amt,, 1902, p. 164. (Darwin, Gape York to Mt. Tatnborine.) 

203. Gen. OctASFHALKS Meyr. 

Trans, Roy. Boc, B, Aust,, 1902, p. 161. 

Palpi slender, ascending, recurved; second Joint exceeding base ot antennae; 
terminal joint slender, acute. Antennae without pecten; in male simple. Posterior 
tibiae smooth with a few rough scales on upper surface. Fore wings with 2 from angle 
closely approximated or stalked with 3, 7 and 8 coincident. Hindwings broadly ovate; 
6 approximated to 4 at origin. Type, 0. charitopa Meyr. from New Guinea. Meyrlck 
records two additional Papuan species. 

2253. OcTASPiiALKs EUBRocHA Tum., Trans. Roy. Boc. B. Aust., 1917, p, 120. 
(Brisbane. Stradbroke I., Tweed Hds,, Toowoomba.) 

2254. OcTASPHAEES CHORDERKH Meyr., ibid., 1902, p. 161. (Brisbane, Toowoomba, 
Rosewood, Tyringham.) 


204. Gen. Peritornkcta Turn. 

7Vans. Hoy. Boc. B. Aust., 1900, p. 13. Meyr,, Oen. Ins. Oexoph., p. 166. 

Palpi very long, ascending, recurved, second joint more than three tiroes length of 
face, smoothly thickened with appressed scales; terminal Joint shorter than second, 
slender, smooth, acute. Antennae without pecten; in male simple. Forewlngs with 
2 and 3 approximated at origin, 7 and 8 stalked, 7 to apex. Hindwings broadly ovate; 
6 approximated to 4 at origin. Type, P. drculatella Wlk, Six species. 

2265. Peritounkuta oiroulatella Wlk., xxlx, p. 767. Meyr., Phoo. Linn. Soo. N.S.W., 
1902, p. 162. (Townsville, Yeppoon, Maryborough to Lismore, Injun e.) 

2256. Pkritounexjta lisbopis, n. sp. (Xtffcrwirts, smooth.) 

?. 20-22 mm. Head and thorax leaden-grey. Palpi grey; terminal joint fuscous 
towards apex, extreme apex pale ochreous. Antennae grey-whitish annulated with 
blackish. Abdomen whitisb-ochreous. Legs whitish with fuscous rings; posterior pair 
wholly whitish, Forewings with costa strongly arched, apex rounded, termen rounded, 
scarcely oblique; leaden-grey with numerous fuscous dots on veins; costal edge pale 
rosy; a small irregular brownish patch strigulated with fuscous on costa beyond middle, 
sometimes a similar sub-basal patch on dorsum; cilia grey-whitish. Hindwings and 
cilia whltlsh-ochreous. 

Queensland: Duaringa; Jandowae, near Dalby; Injune in February; Bollon in April; 
four specimens, 

2267. Pkkttornexjta minans Meyr., Exot. Micro., ii, p. 891. (Brisbane.) 

2268. Peritohnextta bacchata Meyr., ibid., I, p. 225. (Cape York to Sydney, 
Macpherson Rge.) 

2269. PicRiTouNExrrA btiomatiab Turn., Trans. Roy. Boc, 8. Aust,, 1900, p. 14. 
(Dunk 1. to Tweed Hds., Bunya Mts., Macpherson Rge.) 

2260. Peritorneuta thtku-U Tum., ibid,, 1902, p. 162. (Thursday I. to Newcastle, 
Bunya Mts., Macpherson Rge.) 

2261. Peritorneuta rhodopiianeb Meyr., Ibid., 1902, p. 162. (Perth, York, 
Geraldton. ) 

206. Gen. Cbyptoeechia Zel. 

Lep. Micr. Caffr., 1852, p. 106, Meyr., Oen. Ins. Oecoph,, p. 195. 

Head with loosely appressed scales, sometimes projecting over face. Palpi long, 
ascending, recurved; second joint three times length of face, somewhat thickened with 
oppressed scales; terminal joint long, slender, acute. Antennae without pecten; in male 
simple or minutely ciliated. Forewlngs with 2 and 3 separate, 7 and 8 stalked, 7 to 
apex or costa. Hindwings elongate-ovate or broadly ovate; neuration normal. Type, 
C, straminella Zel. from Africa. Thirty Australian species. A genus of nearly one 
hundred species represented in all regions, 

2262. CRveTOLEOHiA humerana Wlk., xxvlll, p, 866. Meyr,, Trans. Boy, Boc. 8, 
Aust., 1902, p. 169. Oen. Ins, Oecoph., PL vi, fig. 116. (Btanthorpe to Taamanta.) 
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2353. Ckyptolechia lutba Turn., Proc. Roy. 8ot\ Tcww., 1926, p. 154. 

2364. Cbyptolkchia aboiixea Turn., ibid., 1926, p. 165. 

2265. Ceyptoi.kckia hypoxantua Low., Pkoo. Linn. Soc. N.S.W., 1897, p. 269. 
= eumorpha Meyr., Trans, Hoy, Hoc, 8. Aust„ 1902, p. 169, (Stanthorpe, ArmidalB, 
Bowral, Broken Hill, Victoria.) 

2266. Cbyptolechia lewinella Newtn., Trans. Ent. Hoc,, 1856, p. 291. = neurosticha 
Low., Tranfi. Hoy, Hoc. 8. Au«t., 1894, p. 112. (Macpherson Rge., Toowoomba. Stanthorpe 
to Cooma, Gisborne, Tasmania, Mt. Lofty.) 

2267. Cbyptolechia cobmopoda Turn., ibid., 1900, p. 12. - tripunctella Meyr., 

ibid., 1902, p. 12. (Nambour to Victoria. Bunya Mts., Stanthorpe.) 

2268. CttYPi’OLBCHiA ANTHHACiAB Low., ibid., 1902. p. 246. (Healesville, Stawell, 

Blrchip.) 

2269. CBYPitiLKoiiiA BHOTJOMiTA Tum. Ibid., 1900, p. 13. (Mt. Tamborine.) 

2270. Ckyptolkoiha RnAPUiiiiAS Turn., ibid., 1917, p. 119. (Brisbane.) 

2371. Ckyptoleciua sarcinodks Meyr., Exot. Micro., ii, p. 395. (Pinnaroo.) 

2372. Cryptolkchia tbipitnctella Wlk., xxix, p. 767. Turn., Trans. Roy, Hoc, H. Auat., 
1917, p. 118, nec Meyr., ibid.. 1902, p. 169. (Tasmania.) 

2273. Cktptolecjhia icmpalacta Meyr., Exot. Micro,, i, p. 805. (Mt. Kosciusko, 

Tasmania.) 

2274. Cryptolkchia ckramora Meyr., Trans. Roy. Hoc. H, Aust., 1902, p. 160, 

(Gisborne.) 

2276. Cryptolkchia uadiobklla Wlk., xxviii, p. 539. Meyr., Trans. Roy. Hoc. H. Aust,, 
1906, p. 48. (Sydney to Tasmania, Mt. Lofty, Western Australia.) 

2276. Cryptolkchia striata, n. sp. (striatus, streaked.) 

cf. 21 ram. Head, palpi and antennae fuscous. Thorax fuscous; tegulae grey. 
Abdomen and legs grey. Forewings very narrow; costa gently arched, apex pointed, 
termen very oblique; 7 to costa; whitish with fuscous lines on veins; these coalesce to 
form a longitudinal median streak from middle expanding towards apex, and another on 
fold from one-third to tornus; a whitish terminal line; cilia grey. Hindwings and cilia 
grey, 

Queensland: Brisbane in February; one specimen. 

2277. tCRYPTOLECHiA scoLiA Meyr., Trans. Roy. Hoc. H. Aust,, 1902, p. 1B5. (Sydney.) 

2278. Cry'ptoleohia anticrobsa Meyr,, Exot. Micro.^ i, p. 304. (Cape York.) 

2279. Cryptolkchia bchistopa Meyr., Trans. Roy. Hoc. H. Aust., 1902, p. 166. 
(Yeppoon to Gisborne, Stanthorpe, Glen Innes.) 

2280. Cbyptolechia pytinaea Meyr., ibid., 1902, p. 167. (Stanthorpe, Sydney, 
Mlttagong, Victoria, Albany.) 

2281. tCRYPTOLECHiA PACHNIAS Meyi*., ibid,, 1902, p, 1B5, (Duaringa.) 

2282. fCBypTOLRCniA amphigramma Meyr., Exot, Micro., I, p. 806. (Oosford.) 

2283. tCRYPTOLKcniA mxjnioipalis Meyr., ibid., ll, p. 816. (Brisbane.) 

2284. CRYP'rOLRCHiA AMAUBOPHANKS, n. sp, {dfiavpoiffairris, obscure.) 

cf. 22 mm. Head, thorax, palpi and abdomen grey. Abdomen whitish-grey. Legs 
whitish. Forewings elongate, costa moderately arched, apex rounded, termen obliquely 
rounded: 7 to costa; costal edge towards base tinged with pink; whitish sprinkled with 
fuscous, which tends to form streaks on veins; cilia whitish sprinkled with fuscous. 
Hindwings and cilia whitish-grey. 

New South Wales: Murrurundi In October; one specimen received, Or. B. L. 
Middleton. 

2285. Cbyptolfxhia coriahia Meyr., Exot. Micro., i, p. 173. (Lome, Mt. St. Bernard.) 

2286. Cbyptolechia epinrphkla, n. sp. (^rtw^eXos, clouded.) 

<y. 22-24 mm. Head pale grey; face with anteriorly projecting tuft from upper edge. 
Palpi very long, ascending, recurved; terminal Joint two-thirds; pale grey, terminal 
Joint and a subaplcol ring on second Joint dark grey. Antennae grey. Thorax pale grey. 
Abdomen whitish-grey. Legs whitish-grey. Forewings suboblong, costa strongly arched, 
apex rounded-rectangular, termen obliquely rounded; 7 to costa; pale grey; a large 
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ill-defined gi’ey blotch on tornal area from base to middle; stigmata grey, first discal at 
one- third, pllcal beneath it, second discal before two-thirds; a subcostal line of grey dots 
from middle, continued as subterminal line of dots; a terminal series of dots; cilia pale 
grey. Hindwings and cilia grey-whitish. 

Queensland: Mt. Tumborine in October; Macphorson Rge. (3,000 ft.) In February; 
two specimens. 

2287. CRYPTOLKcirrA moaixA, n. sp. («/po/5f«Xos, with woolly palpi.) 

cJ. 20 mm. Head, thorax, and abdomen whitish. Palpi with second joint two and a 
halt times length of face, much thickened, rough anteriorly, terminal joint shorter, 
slender, acute; whitish. Antennae grey. Logs whitish; anterior pair fuscous. Fore- 
wings with costa gently aiched, apex pointed, termen straight, oblique; 7 to costa; 
whitish with very scanty fuscous irroratiou; stigmata minute, fuscous, first discal at 
one-third, plical beyond it, second discal before two-thirds; some fuscous dots on termen 
and apical two-fifths of costa; (dliu whitish. Hindwings and cilia whitish. Characterized 
by the peculiar palpi. 

Western Australia: Kalamunda, near Perth, in December (W. B. Barnard); one 
specimen. 

2288. Cryptoi.kchia bhaciiymita, n. sp. {^pax^tros, with short tiireads.) 

c^. 21-22 mm. Head and thorax white. Palpi with second joint over 3. smooth; 
terminal joint shorter, slender, acute; white. Antennae fuscous. Legs fuscous; posterior 
pair whitish. Forewings narrow, costa gently arched, apex pointed, termen straight, 
oblique; 7 to costa; white with jninute fuscous dots; first discal at one-fourth, second 
before two-thirds, plical represented by a short slender streak; sometimes a similar 
median sireak before termen; a terminal series of dots continued on apical part of 
costa; cilia white, Hindwings and cilia white. 

Western Australia: Perth in December and January (W. B. Bernard); two 
specimens. Type in Queensland Museum. 

2289. CiiVpTOUa’iiiA lki*tobtkita, n. sp. (XerrwrriKroSt with fine dots.) 

9 , 18-20 mm. Head, thorax, palpi, and antennae whltlsh-ochreouB, Antennae 

whitish, l^gs whitish ; aiiterloi* femora and flexor surface of tibiae fuscous. Forewings 
Buhoblong, costa gently arched, apex rectangular, termen slightly rounded, slightly 
oblique; ochreous-whltish with fine fuscous dots; a dot on base of fold; first discal at 
one-fourth, plical beyond it, sometimes two dots on end of cell; a subcostal series of dots 
beyond middle, recurved before apex to end above mid-dorsum; a series of dots on termen 
and upi<tal part of costa; cilia whitish. Hindwings broadly ovate; whitish, cilia whitish. 

North Queensland: Cooktown in April; Kuranda in November; Lake Barrine, 
Atherton Tableland, in September; three specimens. 

2290. CHVPTOLKt;niA inqxjinata, n. sp. (inr/uinalus, stained.) 

c?. 14 mm. Head fuscous; face white. Palpi white; ai)ex of second joint fuscous. 
Antennae, thorax, and abdomen fuscous. Legs whitish; anterior femora and tibia 
fuscous. Forewings suboblong, costa strongly arched, apex rectangular, termen slightly 
rounded, slightly oblique; whitish; markings fuscous, suffused; a basal patch extended 
on costn to two-fifths and along fold to dorsum; a costal spot at three-fifths; a short 
costal line running to apex; five slender lines running to termen; cilia whitlsh-ochreous. 
Hindwings broadly ovate; fuscous, cilia grey. 

North Queensland: Kuranda (F. P. Dodd); one specimen, 

2291. tCayimu.R’UiA Ai.piitrjAS Low., Trans, Koy, Sac, fl, Aust,^ 1923, p. 66. Proc. 
Ltxx, Soc, N.S.W,, 1923, p. 66. (New South Wales: Dorrigo.) 
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I, Intboduction. 

This work was undertaken to provide («) a morphological basis for future 
studies in cell physiology and (6) a cytological basis ror studies on the histology of 
oyster gonads In relation to seasonal and sex cycles, etc., undertaken by the C.S.I.R. 
Marine Biological Laboratory, Gronulia, N.S.W., in their programme of oyster research. 

In connection with the first aim, the ovaries and eggs of the locally available sea 
urchin Hellocidari# and the starfish Fatviella were examined. While cytologlcally 
interesting, they were not considered suitable for cell physiological studies, as, apart 
from the large size of the egg and the presence of large nuinbeis of fat globules, the 
eggs were available for only a short period and the adults were difficult to maintain 
in the laboratory. Investigation showed that the eggs of the Sydney Rock Oyster were 
more satisfactory for physiological studies. 

The taxonomic position of the animal appears to be somewhat confused* Iredale 
(1936) assigns It to a new genus Sa:to.strru. Thomson (1945) sees no reason for this 
split or for a departure from the genus Oatrea (possibly with subgeneric rank of 
Oryphea). Iredale and Roughley (1933) consider the animal to be a new species— 
mmmercialis. Prior to 1933 it wag referred to ylorneraia or cucuUata, Throughout this 
paper it will be referred to as Ostrea eommeiTialiH. 

1. Previous Literature on Pelccypod Oogenesis. 

No exhaustive search of the literature has been made, but the following observations 
of other workers on oogenesis were noted in tlie course of general reading on this subject. 

Woods (1932) describes the ovai*y and mitochondria of the freshwater eulainelll- 
branch Sphaerium. He finds a well-developed germinal membrane with nurse cells 
w&tch were engulfed by the growing oocyte. The latter retains (connection with the 
follicle wall by a stalk. The mitochondria, which are represented by a cloud of small 
granules, are at first perinuclear, but adopt a basal position as the stalk develops, and 
jTOtaln this Jjmsitlon In the mature egg. They were considered to be germ cell 
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determinants in this animal and were segregated fairly completely in one cell of the 
blastula. 

Okada (1984) describes the histology of oogenesis in the freshwater lamellibranch 
Musculium heterodon. He finds all stages of maturation In the ovary at the one time. 
The egg retains connection with the follicle wall by a stalk for a considerable time. 
The nucleus is distal and the nucleolus often multiple. 

Rai (1980) worked cu the Bombay oyster Ontrca cucullato. In the living egg, he 
describes clear spherical bodies and small granular bodies, neither of which stained 
with neutral red. The former were regarded as Golgi bodies and an apparent change 
In their composition was noted in eggs stained with osmium tetroxide—in the young 
eggs the bodies assumed a copper hue, while in the mature egg they became black. 
On this and other grounds he consldeis that neutral fat is laid down In them as 
oogenosis proceeds. The nUtooboudria which at first are small and perinuclear in 
position are larger and evenly distributed in the mature egg. Nucleolar extrusions 
are also described. 

Subramanlam (1937) describes the cytoplasmic aspects of oogenesis in the Indian 
bivalve Meretrtr msta. He finds the mitochondria first appearing on one side of the 
nucleus in early oocytes. They later become perinuclear, multiply, become more 
fuchsinophilic and are uniformly distributed in the mature egg. The Golgi bodies first 
appear in an oocyte larger than that in which the mitochondria first appear, and there 
is no nuclear concentration of these bodies at any time. Prom the first they appear 
as vesicles. Neutral red stains first the Interior of the vesicle and there follows a 
diffuse staining of the cytoplasm around the vesicle. Subramaniapi used normal saline 
(presumably mammalian) as a suspension medium. With further staining, neutral red 
vacuoles appear de navo in the cytoplasm. A similar vacuolation could be produced by 
alkaline water. Throughout oogenesis the nucleolus was forming buds which attached 
themselves to the nuclear membrane and diffused out. During this budding process 
the nucleolus sometimes showed vacaolat^Qp. 

Worley (1944), using the mussel Mytilis calif ornian%$, finds the mature egg 
60“*70 m In diameter, orange in colour and having a "lyel^deyeloped endpplasm-cortex 
differentiation. In the former were yolk granules blackening with osmium tetrogid©. 
vfhlle the latter consisted of rod-shaped ipUochondria Hoed UP perpend ioujgr to t)l© 
egg surface. The Golgi bodies, which were differentiated from the endoplusm^c yolk 
by means of his methylene blue technique, were small endoplaemlc apheros Pr veslctea. 
In the youngest colls the cytoplasm has a tew chromophlUc grapulepi (? mitochondria) 
and groups of osmiophilic vesicles which separate when the pocyte ig 18 m- Th© mito- 
chondria assume a peripheral position when the oocyte is In diametpr. There 

was evidence of clumping and formation of fgt in the Gplgi pod lea as the egg developed- 
The cell on spawning was in the metaphase ojf the 4r©t reduction di^iaipp. 

Investigations prior to the advent of niQd©ru cytologlcal methodg were not 
RbBtracted. They are referred to by Wilson (1988). The papers of Co© (1980^47) on the 
histology of gametogenesis In various pelecypods will not pe pppi^idpred since th© 
cytological aspects are not dealt with. 

Roughley (1938) describes some histological aspects of pogeupsis ip fh© present 
species. 


11. MATgaiALB AKD METHODS. 

1. Living Material^ 

The oysters used in this investigation were obtained from the ekpeidmental 

lease at 'George's River and were 8-3 years old. Th© chlorinity of |he water on the 
lease fluctuates slightly around and only rarely fails helow this On receipt, 

the oysters, which bad been out of water for 84-48 hour©, wer^ Placed 4p a large gla«s 
trough of aerated oceanic sea water (Cl They wera usually hspt In thl© trough 

until required and were never used uulees they had heeu In }t for at least an houf. 
As long as adequate aemtipfi was maintained they remained sRtisfaefery <hr »ee lor 
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weeJcB wHhpyPt too4 ftnd without a change ol water. However, fregh oyetere were 
procured weekly. During the period of this inveetfgation, moet animalB poeeesse^ ripe 
gametes, and this state appears to exist for about five months of the year (Kesteven, 
UPpuWi«he4 data). 

The animal is opened and transferred to a dish of sea water. A sample of gonad 
OOP tents is obtained by scraping a part of the ovarian wall onto a slide, and the sea 
determined by examination with low power. The viseeral mass Is separated from the 
surrounding tissues with hne scissors and given two more washes in fresh sea water, 
With a small ophthalmic scalpel the vesicular tissue covering Is reheoted and the 
tissue shaken in fresh sea water. Further line dissection down to the brownish digestive 
divei'ticula, with intermittent shaking in sea water, removes most of the eggs in the 
ovary. From six medium sised oysters, 0-9 gm. of alcohol-ether dried eggs was obtained. 
Any largo material may be removed by filtration through 80- and 200-mesh plankton 
netting — the eggs will pass new 200-mesh net without damage. For fertilization 
experiments, damaged eggs may be separated by allowing short periods of settling, 
followed by pouring or siphoning off the supernatant. The early oocytes may he 
concentrated by differential centrifugation. 

The use of sea water as the suspension medium proved entirely satisfactory for 
oQpytes of all stages. Monti has shown that in O. eduUs and Af. eduUs the body fluids 
are isosmotic with sea water, 

Eggs so removed from the ovary were considered essentially comparable with 
naturally spawned eggs for the following reasons: (a). No cytologlcal or cytochemical 
differences existed between ovaries removed from animals known to be in the act of 
spawning and the ovaries of mature females used here. (b). No such differences existed 
between naturally spawned eggs and eggs artificially removed, (c). £lggs so removed 
could be fertilized and undergo normal development. 

Special methods used in the study of living eggs are aiven in the text. 

2. Fixed Preparations, 

The following fixatives were used: Douiu, Helly (routine fixative) with oy without 
nost^liromation for 48 hours at 40®C. in 2*5% potassium diohromate, Ohampy (with 
Z'^% NaCl added for osmotic reasoufl), Aoyama and Paker's formol caleium (both with 
1-5% NaCl added for osmotic reasons) » chlUed apetoue. Maan’s fixative followed by 
f^udford's modification of the Kopscb procedure and the JCplatohov method. 

Dehydration wga effected by alcohol, dioxan, acetone and by freesing drying. ThO 
latter, which was designed for the study of lipide cytochemistry, consisted of freeging 
a fixed block of tissue on a freezing microtome and transferring rapidly to a bottla 
containing silica gel (with indicator) kept In the freezing chamber of a refriserator. 
The bottle is then rapidly evacuated with a Hyvac pump. To increase the rate of 
freezing and also to make the block more rapidly removable from the freezing micro- 
tome, small quantities of 40% alcohol were used- Too much alcohol is to be avoided 
becauBe of the chance of contaminating the oil in the pump, Aftei' dehydration (>4-36 
hourfl), the block is removed and placed in a small specimen tube resting in a test-tube 
9 f paraffin in an embedding oven. After evacuation of the test-tube it is tilted and the 
paraffin allowed to permeate the block of tissue. This embedding process takes only 
a few minutes. 

The following Stains were used: iron haematoxyiin, i^hrUch’s haematoxylini eudan 
black, Bensiey-Oowdry, and Cbampy-HuU. The Feuigen method used was that of 
PAfalko (1946), since his reaaonlng Beamed cogent and a more intense stain without 
any loss of specificity was achieved than with the older methode, Hydroiysle times 
were 8 minutes for Helly preparations, 26 minutes for Bouln. 

The Masson tecimlque proved very useful as a routine stain for this material and 
igyeral other invertahrate Useuos have also heen sueoessfuUy stained. The greater 
ease of hiatologleal amlysfs in speelinenB which show a good differentiation of atyuoturea 
makes the caprlclousness of the method well worth hearing. The Imdiiklnuaa dseorlbsd 



162 CYTOLOGY OF OOOKNKBlS IK THK 6 YOKE Y BOOK OtBTlCB. 

for mammalian material were unsatisfactory, since the light gr^n was invariably 
removed by the final aqueous acetic acid wash. 

The following method was found satisfactory (after Helly fixation): 

(a). Place in 5% ferric alum 5 minutes. (6). Wash rapidly in water, (c). Place in 
haematoxylln 5 minutes (2% solution of haematoxylin in 95% alcohol (ripened with 
hydrogen peroxide) 1 part, distilled water 4 parts), (d). Wash in water, (e). Stain 
7 minutes In ponceau^acld fuchsin stain (ponceau 2 R 0*7 gm., acid fuchsln 0*3 gm., 
1% acetic acid 100 ml.). (/). Wash In 1% acetic acid. (p). Place in phosphotungstlc 

orange G solution 4 minutes (phosphotungstlc acid 5 gm., orange G 1*5 gm.. distilled 
water to 100 ml.). (It). Drain and place in light green solution 2 minutes (light green 

SF 2*6 gm., 2*6% acetic acid 100 ml.), (t). Drain, dehydrate rapidly in 96% alcohol 
and place In absolute alcohol, {j). Take each slide separately to a solution of 5% acetic 
acid in 95% alcohol and differentiate the green colour, (k). Pass through absolute 
alcohol, xylol, and then mount. Step (j) Is the critical one, but the colour of a 
properly differentiated section is recognised with a little practice and the step is 
sufficiently slow to give an adequate margin of safety. 

In Maun-Kopsch preparations the ground cytoplasm blackened to such an extent 
that the cy tological structure was obscured. Reduction of the poat-osmicatJon to 24 
hours did not obviate this, neither did turpentine remove the colour. It was found that 
potassium permanganate (i%) for i-i a minute followed by oxalic acid (5%) for 
i minute removed the extraneous colour completely. Leaving in permanganate for up 
to 8 minutes removed little more colour than a 12HSiecond treatment and evidently only 
artefactory osmium blackening was removed. It is possible that some of the ground 
plasm reaction was due to^ the breakdown of some of the Uplde granules, since not all 
the liplde bodies In any cell were perfectly fixed except in preparations made directly 
on the slide. 

Centrifugal studies were made using an International B.B.I. centrifuge at a speed 
of 4,600 r.p.m. (approx. 3,600 g.) for 15-30 minutes. 

Eggs removed from the animal, as described, were suspended in sea water and 
6 volumes of 0-9 M (31%) sucrose added. This gave a flotation medium approximately 
isopycnotic with the eggs. After centrifugation the eggs were either studied fresh or 
fixed In 1% osmic acid or Helly's fluid. After fixation the centrifuged eggs were 
either embedded in paraffin or smears were made from the egg suspension. 

Measurements were made by one of four methods: (a). For the smallest measure- 
ments, a Zeiss screw ocular-micrometer (1 division on drum = 0*1795 m) : (h). by drawing 
with a cawcra Ittcida and measuring the drawing (1 mm. = 0*69;*) ; (c). by means of an 
ordinary graduated slip in the eyepiece (I div. == 1*42 m) ; (d). for irregular objects by 
camtra lucida drawings followed by measurement of the area with a planimeter; areas 
are then converted to the diameter of the circle with the same area (one planimeter 
unit “ 15*8 m*) * All equivalents given are for 1/12'' objective and xlO eyepiece. Method 
((;) was little used and was the least accurate for the sizes here measured. 

The mlcroBCopicai examinations were made on a Spencer research microscope fitted 
Mth the following apochromatlc lenses: 8 mm., 4 mm. (NA 0*96) and 2 mm. (NA 1*3), 
Ah achromatic oil immersion condenser (NA 1*3) and critical Illumination of the Koller 
type, using a 6- volt fliament lamp and a Watson Oonradf condenser made up the 
illuminating equipment. With this equipment the rows and dots on the diatom 
Amphipleura Hndheitiverei could be easily resolved with central illumination. Of the 
diatoms available this Was the most difficult to resolve; it was from a Flatters and 
Garnett test plate of 15 forms. No loss of resolution occurred in photographs of the 
diatom at a magnification of 1^000 diameters (see Plate xvl. fig. 5). 

1 in. Tmi A» ATOMY AKu Histology of the Ovaby. 

The gonad in the mature animal ties at the apex of the viseeral mass Just inside 
the hinge. It covers most ol the ventral surface, but dorsally ts shorter, extending as 
far :as the pericardial Sac, 
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The ovarian tissue lies between the external vesicular tissue and the digestive 
diverticula, being separated from the latter by a variable layer of vesicular tissue. In 
the unripe ovary these vesicular tissue layers are quite well defined, but In the ripe 
animal are much reduced. Roughley (1933) has given a full description of the duct 
systems associated with the ovary. 

The ovarian tissue itself is divided into lobules which, In the unripe ovary, are 
fairly widely separated by vesicular tissue. This, in the ripe state, is reduced to a few 
attenuated strands. Lying on this vesicular tissue basis are cell types A, B and C, 
and occasionally D, while the mature oocyte lies In the lumen. There Is no stalk 
connecting these cells with the follicle wall as has been described for some other 
pelecypods. 

The following cell types may be differentiated In Helly-fixed specimens. Most 
features are described from Masson or iron haematoxylin preparations. The measure- 
ments are from fixed preparations and are to be used in a relative sense. 

1. Germ Celln, 

Type A. The Definitive Auxocyte. 

This appears In Kelly- and Bouin-fixed specimens as a tightly entwined clump of 
chromosomes surrounded by a clear area. The cell is 4-5/t in diameter, the chromosome 
clump making up about two-thirds of this. The clear area cannot be stained, but appears 
to be surrounded by a very thin rim which presumably represents cytoplasm. 

The cell was present in all ovaries examined from the wintering to the spawning 
state. It appeared to decrease In number as the ovary developed, but this may have been 
due to the general expansion of the follicle wall as it became distended with ripe eggs. 

The cell is identified as a definitive auxocyte. i.e., an oocyte just before entry into 
the growth phase. Evidence supporting this contention is as follows: (a). The chromo- 
some formation can be traced in a continuous series from this cell up to the chiasmata 
of the ripe egg. (h). The constancy of the cell throughout the whole of the time of 
ripening of the ovary, i.e., it is not a dividing cell. (c). Morphometrically the germinal 
vesicle (i.e., chromosomes and clear area) has a slightly smaller diameter than the 
next stage described and the uucleolus/germlnal vesicle and germinal vesicle/cytoplasm 
growth graphs extrapolate (at zero nucleolus and zero cytoplasm, respectively) to a 
figure very near the diameter of this cell. 

No nucleolus is visible in this cell (PI. xvi, figs. 6, 7, 14). 

Type B. Auxocyte 1. 

This differs from the foregoing in possessing a well-defined area of cytoplasm 
surrounding a germinal vesicle in which the chromosomes have become more spread 
out and which possesses a nucleolus. The cytoplasm Is often somewhat fiattened along 
the follicle wall. The dimensions of the cell are: nucleolus 1-7 fi, germinal vesicle 6 m» 
whole cell 9^- Cells intermediate between A and B were found without a nucleolus 
and with reduced cytoplasm. 

The cytoplasm Is homogeneous, the germinal vesicle centrally placed and the 
nucleolus excentrlc, but not in contact with the membrane of the germinal vesicle 
(PI. xvi. figs. «, 14; PI. xvll, figs. 26, 32). 

Type C, Auxocyte 

This cell Is larger than the foregoing and possesses P granules in the cytoplasm. 
Typical dimensions are: nucleolus 2*3g, germinal vesicle Tg, whole cell 12-6/i. 

The chromosomes are more widely spaced and the excentricity of the nucleolus not 
so marked, possibly because of its larger relative size. The germinal vesicle Is central 
and the cell usually spherical. The granules appear In a group at one pole of the 
nucleus and in the typical cell are about thiee in number. There Is a tendency for 
patches of chromatin to adhere to the germinal vesicle membrane (PI. xvi, figs. 8-10; 
FI. xvli, figs. 27, 28, 80. 31; PL xviU, figs. 84, 88, 39). 
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Tppe D, Auxoopte 5 . 

this Is ati docjM« which Id About half It id a dphaflcal cell of diamaUt IOm 

With a cshtfal gamitial teslcle of diatnetOi* ll/i cohtaiiiiiidf ati atAOhtfid ilUClaoiUd 
Ih dlathetar. *rhO cell is uduatly defiiarated fi*om the follicle wall, lying free in the lithteu* 

The P granules which have reached about theit MaxlthUxti nuittbor airO fOUhd ill 
giDupd of 10 or so and begin to show evidence of the peripheral location typical of 
the mature egg. The chromosomes are beginning to show the formation present in 
the mature oocyte (FI. xvli, flg. d2; PI. xvlll, figs. AS, 37, 43). 

fi/pe IC. The Mature Oocyte. 

The shape of this cell Is often irregular in fixed preparations, due partly to shrinkage 
and partly to deformation by surrounding cells. The cell lies free in the lumen of the 
follicle. The nucleolus still lies peripherally In a spherical germinal vesicle which 
often contains small round particles in diameter. They are distinct from the 

nucleolar fragments sometimes found. The chromosomes can usually be seen near the 
germinal vesicle membrane as fine paired structures showing chiasmata. 

Typical dimensions for this cell are: nucleolus 4-6^, germinal vesicle Zlfi, whole 
cell 38a- 'I'he P grutitllCs haVe hoW adopted their typical cortical posUlon and the 
broken down L granules can be Seen in the medulla of the cell (PI. xvill, fig. 46; 
PI. xlx, figs. 64. 6B; PI. xx, figs. 66-68, 60). 

2. Non-Oerminal Cellft. 

Type F. The Wandering Tissue Cell. 

This cell is widely distributed In the animal. In the ovary it occurs both in the 
vesicular tissue between the follicles and also sometimes in the follicle itself, especially 
in the earlier stages of ripening. 

The nucleus, which has a diameter of about 3 ai is coarsely granular with a 
peripheral rim of chromatin under the nuclear membrane. It is spherical and usually 
centrally placed In the cell. The cytoplasm is usually hyaline but often appears somch 
what vacuolated. The cell diameter is 5-6 a. 

The granular cells of this type which have often been described in molluscs (see, 
e.g., Liebman, 1946) were not a feature in the present material (PI. xvi, figs. 13, 16). 

Type G. The Fixed Vesicular Tissue Cell. 

Usually no cytoplasm can be seen in this type. 7'he nucleus is elongated and 
Irregular in shape, lying along the main strands of vesicular tissue. Its size and 
chromatin distribution are essentially similar to the wandering tissue cell (PI. xvi, 
figs. 9, IB). 


8. Undetermined Cell Type. 

Type H. 

This cell occurs in the ovarian area between the foUlcles and also around the 
digestive apparatus. Its frequency is variable, but it appears to be commoner in mature 
ovaries. 

The nucleus Is somewhat larger than the above two cell types, ovoid (diameter 4 a) ^ 
and its chromatin texture is looser. A very small nucleolus is present and usually no 
cytoplasm can be distinguished. The significance of this cell was not determined 
(PI. xvUl, figs. 36, 36), 

It is not the purpose of this paper to consider germ cell cycles or sex change. It 
may be stated, however, that evidence, as sure as any evidence based entirely on fixed 
preparations can be, was found for the latter, tt does not, however, appear td be fi 
very common process and its recognition pteeds careful study with high powers of the 
microscope. Roughley (1933) has dlsouesed aspects of the sex change In this species^ 
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IV* BtBTiSMATic ftttttiy ttt ftik Oittx 8fBUt)tnBAB tH Ott^ieiHdjstB. 

1. The Nucleus. 

(a). The Nucleolus, 

The nueleolUB first appear^ in the early growing oecyte. It is always spherical 
and probably always excentrlcally placed in the germinal vesicle. The excentrlclty» as 
tar as can he judgedi is not due to gravity. It has never been seen in contact with the 
germinal vesicle membrane and Its position in the germinal vesicle does not change 
during yolk formation. It Is well stained in iron haematoKyiin preparations, is 
differentially stained yellow in Masson preparations when differentiation of the iron 
haematoxylin is carried far enough^ and is brilliant red In Bensley-Cowdry preparations. 
The internal differentiation often found in solitary nucleoli in oogenesis is not found 
in stained or unstained preparations mounted in euparal at any stage. Unstained Kelly 
preparations mounted in low refractive index media sometimes Show the presence of 
refractile granules in the centre of the nucleolus in mature oocytes. These cannot he 
seen in the living egg. 

Nucleolar fragments have been observed lying free in the nucleoplasm but not in 
contact with the germinal vesicle membrane. For the following reasons they are 
considered artefacts: (a). They are only occasionally observed. Their appearance is 
apparently a peculiarity of the individual, since other animals of the same batch 
similarly fixed and treated do not show it. (ft). What are apparently stages in the 
formation of these fragments can be seen in occasional osmic-fixed whole egg 
preparations. There is first a dumb-bell appearance as it the nucleolus is herniating, 
and this gives rise to a dimorphic appearance — the parent body being well stained 
in the osmium and the derived satellite body (still in contact) having the appearance 
of a vesicle and causing little deposition of osmium. From this can apparently be 
formed vesicles (or rather smaller bodies having the appearance of the satellite) and 
also solid bodies, either by collapse of the vesicle or by further fragmentation of the 
parent body. Text-figure 1 Illustrates the process, (c). Fragmentation could be 
regularly seen in acetone-fixed preparations while appearing rarely In ovaries fixed by 
other methods, (d). As described later in osmotic studies, an incipient fragmentation 
could be observed in the living egg. (e). Neither the fragments nor the nucleolar 
abnormalities can be seen in the normal living egg. (/). When present, the process Is 
confined to mature eggs and is not found in immature oocytes. 



Text-fig. i. — Formations interpreted as early stages in the formation of nucleolar fragments. 
Camera lucida drawings from whole eggs fixed In 1% osmium letroxUle. Compare with 
Plate xvU, figs. 10-19. 


A very large body of literature exists concerning nucleolar extrusions in oogenesis, 
some of it not very critical. The extrusions ave hsually considered to he thb precursor 
df pfdtehi yolk. That the process oecuiw in some forms Is beyond all reasonable doubt, 
it hks been observed In the living egg (fe.g., Duryee, 1941; Johnson, 1946). 
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Plate xvl, figures 11, 12, and Plate xyU, figures 22, 24. illustrate these 

observations. 

(ft). The Chromosomes* 

The chromosomes In the definitive auxocyte are fairly condensed, closely aggregated, 
fairly large structures showing no evidence of coiling. As the cell grows, the chromo- 
somes do not grow In proportion and become more tenuous and diffusely scattered. 
There is little tendency to peripheral aggregation In auxocytes 1 and 2, although there 
Is usually a Peulgen positive rim inside the germinal vesicle membrane. In auxocyte 3 
there is a tendency to peripheral placing of the chromosomes, and In these cells the 
chromosomes stain less deeply In Peulgen than those preceding or following. In the 
mature oocyte the chromosomes are paired, thin, coiled structures In which chlasmata 
can be seen. These pairs are usually peripherally placed In the germinal vesicle but 
are not in contact with the membrane. 

Bouln and Kelly fixation both preserved the chromosomes well. The former often 
permitted a more intense Peulgen stain, but the latter showed more coiling and longer 
chromosomes, and was considered to give a better preservation. In Kelly preparations 
the length of straight chromosomes was up to 12m, and there was also a constant 
relation between a chromosome pair and the nucleolus. The maximum number of 
pairs observed was five. 

In order to check the chromosome number, eggs were fertilized and allowed to 
develop to the 2~4 cell stage. The eggs were fixed in Bouin and sectioned and stained 
by the Peulgen procedure. The m eta phase plates proved difficult for chromosome counts 
because of the small size of the chromosomes (1*6m) and their close packing (metaphase 
polar diameter 4 m). Counts of 8*-ll were encountered and 10 was the most common 
number. Chromosome morphology, meiotic divisions, etc., will be considered at a later 
stage in dealing with the early development of the fertilized egg. 

No statements on chromosome number in oysters could be discovered in the 
literature. The only indication is a figure by Coe (1931) for spermatocyte divisions 
in Ostrea lurida, in which he figures 10 chromosome pairs. In the text, however, he 
states that chromosome counts were difficult to make “although the number Is not large*'. 

Plate xvi, figures 6, 9, 10, Plate xvH, figures 20-26, and Plate xix, figures 50-62, 
illustrate the chromosomes. 

(c) . The Karyolyniph. 

None of the fixatives employed preserved the natural homogeneous structure of 
the karyolymph in the mature or half grown oocyte, although earlier stages were well 
preserved by many. All caused varying amounts of veslculatlon, giving a reticular 
appearance to the fixed germinal vesicle. This suggested that the contents had a 
high water content This was borne out by the centrifugal experiments. 

The reaction of the reticulum was amphophilic. Small, relatively basophilic granules 
were noticed in the germinal vesicle, but had no relation to the chromosomes nor did 
they appear to be nucleolar fragments (PI. xx, fig. 60). 

(d) . The Nuclear Membrane. 

The germinal vesicle membrane is quite distinct In iron haematoxylln preparations 
mounted in euparal, It occasionally shows wrinkles on its surface. 

The membrane is more distinct in the early oocytes in Iron haematoxylln prepara- 
tions, but this was considered to be due to the presence of a chromatin rim (possibly 
extrachromosomal) Just inside the membrane. The basophilia of the membrane itself 
shown in iron haematoxylin preparations, is less evident in toluldine blue or Ehrlich's 
haematoxylin preparations. Its thickness was estimated to be 0’3 m and no change in 
the thickness was evident during the growth of the oocyte, 

(e) . The Nucleolus-Germinal Vesicle delation. 

When the nucleolar diameter is plotted against the germinal vesicle diameter, an 
asymptotic type of curve results; the growth of the nuoleolus, in effect, ceases when the 
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cell le half grown. Thia rapid growth phase covers the time in which the P granules 
are formed, and the cessation ol growth of the nucleolus corresponds to the time 
when F granule formation seems complete. Text-figure 2 illustrates these data. The 
curve dotted in the middle of the main curve appeared to exist, but since it could 
not be correlated with any cy tologlcal observation, its statistical significance was not 
investigated. It will be seen that extrapolation to zero nucleolus corresponds fairly 
well to the diameter of the definitive auxocyte (cell type A). 

(/). The Hfuclear State on Spawning. 

The oyster Is of the **A«oam” type (Wilson, 1925) or of class 1 of Just (1939) in 
that the germinal vesicle is Intact on spawning and docs not break down until 
fertilization occurs, when two reduction divisions occur rapidly. This condition on 
spawning appears to be common among pelecypods (Just, 1939; Wilson, 1925). 

2. The Oytoplasm. 

The Granular Categories, 

Wherever feasible centrifugal stratification would seem to be the simplest, easiest 
and most accurate method for differentiating the granular categories in any cell. In 
the present material two clear-cut granular categories occur, which, because of their 
cytochemical reactions, are termed P and L granules (protein and lipidc, respectively). 

(o). The P Granules. 

These granules are visible In living and fixed eggs as a cortical layer of granules 
which are smaller than the endoplasmic granules. They stain red In the Masson 
procedure and can be stained by iron haematoxylin, but usually the L. granules, either 
whole or broken down, mask the distribution of these bodies since the L granules also 
stain. The clearest differentiation is seen in Bensley-Cowdry staining after Helly 
fixation and in the Champy-Kull procedure. Their Integrity and cortical position are 
preserved after Champy, Helly, Mann and acetone fixation, but are evidently not 
preserved after Bouin or Baker fixation. 

They first became evident as a small group of three or so in the cytoplasm of cell 
type C rather nearer the nuclear membrane than the cell membrane. A careful study 
of the germinal vesicle membrane at this stage shows the presence of fuchslnophllic 
granules attached to Its outer surface which were at first thought to represent either 
the point of origin of the granules themselves or of their prosubstance. The attached 
granules are not present In cells before the origin {)f the P granules and are not seen 
in cells in which the granules are numerous (before auxocyte 3). There was no 
concentration of the granules beneath the P granule group and they occurred more or 
less evenly distributed around the membrane. As will be shown later, these granules 
are artefacts, representing disintegrated L granules which have become adherent to the 
nuclear membrane. 

The orientation of the P granule group was tested against the position of the 
nucleolus and the position of the follicle wall. The former showed no constant position 
in relation to the granules. The granules, however, showed a constant orientation to 
the follicle wall, appearing in that part of the cell which is furthest from the wall. 
In a few cases this could be ascribed to the proximity of the germinal vesicle to the 
follicle wall, thus leaving insufficient cytoplasm on the proximal side of the cell to 
contain any granules. However, in the majority of cases such an explanation was 
not tenable. 

The granules Increase in number possibly partly by new formation and partly by 
division of pre-existing ones, since they tend to occur In groups of 10 or so. No 
perinuclear concentration was observed at any stage, and there seems to be a random 
migration to give a more or less dveii cytoplasmic distribution. Auxocyte 8 shows some 
evidence of the cortical movement and often the grouping noted above can still be seen. 

The mature egg shows fairly complete restriction of the granules to the cortex. 
Some app^i* to occur in the medullary region, but most of these are probably broken 
down L granules, which have similar staining properties. 
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<6). The L Granules. 

The L granules are not well preserved In Kelly, Baker or Bouin fixatives although 
much of their lipide content Is retained. They are preserved In Champy, to a variable 
extent in Aoyama. and usually in post-chromated Kelly b^^^pat^atldhs fit lefist in small 
pieces of ovary. Mahn-Kopsch preparations gave the best demonstration, although even 
here the presertatiou was never perfect, there still being some tendency for Coalescence 
Of the granules — a situation never seen in the normal living egg. Their diameter in such 
preparations varied between 0-7^* and Ifi. 



Text -figs. 2-3, — ^Illustrating the relation between nucleolus and germinal veHlcle dia meters 
(Text-fig, 2) and germinal veskde and cytoplasm martieters (Text-fig. 3). The arrows show 
the beginning and end of P granule formation. 

They arise first in a cell about the same size as that in which the F granules first 
appear (cell diameter 12*5/*, germinal vesicle diameter 7*4 m)- The granules are somewhat 
smaller than those in mature eggs and arise randomly in the cytoplasm. While groups 
may be present at one pole of the nucleus, this is not typical enough to be generalized. 
There is a slight tendency to grouping of the granules, and no orientation in respect 
to germinal vesicle, L granules or follicle wall could be seen. 

The granules increase both in number and size as the oocyte becomes more 
mature. The increase appears to be continuous and without break. 

That there has been no confusion of L and P granules in the early stages is 
evident from their different behaviour. Furthermore, they may be demonstrated 
together fairly satisfactorily in Mann-Kopach slides by permanganate bleaching followed 
by an hour or more In 4% chromic acid and then staining by the Altmanti method. 
The same simultaneous demonstration can be seen in Champy-Kull preparations. 

Plate xvlii, figures 88“46, Plate xix, figures 46-49, 64, 66, and Plate xx, figures 66-61, 
illustrate the L granules. 

(c). The Ground Plasm. 

The ground plasm appeared homogeneous, and fib granules could be deteeied in It 
by any technique. 
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Aft WlU bft Befth 1ft tei!*, thei*« ftre probably two inoinbrah^s premt: ft plftftOrlft 
mtobfftbft ftna elttertifti meulbrano. The latter, due to Its lack of fttaihln^, add 
dftftbUft ttft ^bhftidfthftblft ihickuess, doeft hot Usually show In sectioned material mounted 
lU eUpftfal. When cut tfthitentiail)^ there is some etidence of it, on careful foOusslUk, 
but It is not Visible in radial section. When the refractive Index of the mounting 
fhedium 1ft lowered In adueous mounting medium for sudan black preparfttionft), 
or in ftectiohs not completely dehydrated before mounting, it appears as a refractlle 
body. 

The plasma membrane cannot be seen at any stage. 

(e). The Germinal Vesicle-Cytoplasm Relation. 

Text-figure 3 indicates that there Is a linear relation between germinal vesicle and 
cytoplasm diameters for most of the growth period, but the germinal vesicle appears 
to continue to grow after the cytoplasm has reached its maximum size. However, when 
the volume of the nucleus is plotted against the volume of the cytoplasm, a linear 
relation is found. It will be seen that extrapolation to zero cytoplasm gives a value 
agreeing fairly well with the diameter of cell type A. 

V. OimiaivATioNs on the LrvxNo E(ju. 

Mature eggs separated from the ovary and examined in sea water are usually 
spherical bodies about 50/u in diameter. No accurate measurements of the living egg 
were made. There is no pigment visible nor can any he extracted with lipide solvents. 

The germinal vesicle is optically homogeneous and the nucleulus can be made out 
as a slightly retractile body placed excentrlcally in the germinal vesicle. It shows 
no structure and in undamaged eggs is perfectly spherical. No trace of the chromosomes 
can be found in living eggs, nor are any granules visible in the karyolyinph. 

The cytoplasm is filled with retractile granules, closely packed. Careful examination 
reveals a cortical layer, a few granules thick, in which granules smaller than the 
medullary granules occur. No brownian movement is visible in normal eggs nor is 
there any cytoplasmic streaming, but In injured eggs brownian movement occurs. 

Young oocytes were gathered by differential centrifugation. An ovarian suspension 
-was first centrifuged at 400 g. for 3 minutes. This removes mature oocytes, large 
ovarian debris, etc. A further centrifugation of the supernatant at 3,000 g. for 
6 minutes concentrates the yoUng oocytes. These were suspended In a few drops of 
sea water and examined. In the youngest oocytes (type A) no cytoplasm could be 
distinguished nor could the chromosomes be seen. In cell type B the cytoplasm was 
homogeneous and in the germinal vesicle no chromosomes nor nucleolus could be seen. 
The invisibility of the nucleolus is not unexpected, since the much larger nucleolus of 
the mature eggs usually requires a careful search before it is found. Coll type C 
showed the pi‘e8€nce of highly refractlle granules in its cytoplasm (from one to several), 
but again the nucleolus was not visible. By their number and grouping those granules 
were considered to be P granules. At the time of these observations the early cytology 
of the h granules had not been worked out and these were not looked for specifically. 
However, it would appear that they are not visible at this stage. Cell type D had the 
same structure as the fixed preparations indicated. No brownian movement occurs in 
these young oocytes. 

Various abnormalities of mature oocytes, collected by the method described, were 
noted. They were due to the processes involved In making an egg auspension, but are 
of Interest in showing the structure of the egg. (o). Eetraction of the cytoplasm from 
the external membrane. This was fairly common but no special treatment was found 
tb infiuehce its occurrence. It is definitely not a plasmolytlc phenomenon; it had no 
relatloh to the osmotic pressure of the suspension medium. The germinal vesicle was 
not visible In these eggs, but whether or not Its breakdown was the cause of the 
Cj^HUimlc bontractlon cannot be stated, since, in any case, the close packing of the 
granules would prevent the germinal vesicle from being seen. The space so formed is 
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clear and free from granules. It is definitely not due to a lifting off of the external 
membrane, (b). A crenated appearance was sometimes found In concentrated egg 
suspensions which had been left for some time. It usually disappeared when the 
suspension was shaken or diluted. It was thought that anaerobic conditions had 
something to do with its appearance, (c). Projections from the external retractile 
membrane at one or more points along its surface. This was not very common and 
was considered to be due to mechanical injury of the membrane Itself. It was not a 
myelin formation. The rest of the cell preserved its normal morphology, (d). Presence 
of brownian movement was considered evidence of the moribundity of the cell. 

(c) . Abnormalities of the shape of the nucleolus were often associated with abnormality 

(d) . (/). Aggregation of granules (L granules) In the cell was also considered to be 

an Indication of moribundity. (p). In cells which had been completely cytolysed, the 
germinal vesicle and outer cytoplasmic membrane could be seen as retractile bodies 
which preserved their usual form and relation to one another, but were smaller than 
in the living egg. (h). In some cells vesicular projections from the germinal vesicle 
were seen. They may he single or multiple and are usually connected with the germinal 
vesicle by a stalk, but may become separate to He free in the cytoplasm. In centrifuged 
eggs these vesicles were the lightest bodies in the cell and tended to be extruded from 
the cell under the action of centrifugal force. They appear to be formed under pressure 
of the cover-glass and contain karyolymph. 

When the cell membranes are punctured the granules flow freely out. The P 
granules appear to retain their identity and the L granules aggregate Into Irregular 
clumps, During this process of flowing out of the cytoplasm, the cytoplasm away from 
the break preserves Its normal contours as It separates from the external membrane. 
That this is due to the presence of another membrane is evident from the rare cases In 
which this also shows a break in continuity, giving rise to an appearance Illustrated 
in Text-figure 4. This latter membrane evidently represents the true plasma membrane, 
while that which has been referred to as the external membrane Is probably a vitelline 
membrane. 



4. — Showing the pre»cnf'e of iwu egg meinbraneH in an egg which showed a 
simultaneous rupture in both. 

The cells were examined under a polarizing microscope. The only machine available 
was a petrological microscope which was not very suitable for the high resolution# 
needed for small eggs. No birefringence was noted In these cells when mounted in 
sea water. 

Due to the light scattered from the granules, dark ground examination did pot 
reveal the cell structure as well as bright field. 
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1. E‘ffect of Osmotic P^'esmre, 

Sea water wae concentrated by evaporation, aerated and the pH readjusted to $*2. 
After dilution and addition of the egg suspension, the concentrations used were: 
180, 150, 116, 100, 84, 60% of the original sea water. The eggs were examined after 
one hour. No serious attempt was made accurately to measure cell diameters, but 
subjectively there was little change. No change in granule Integrity was noted at any 
concentration but there was an increase in the percentage of crenated cells in the 
higher concentrations. An Incipient nucleolar fragmentation was observed after two 
hours in 60%; sea water. 


2. Effect of pH, 

Sea water was adjusted to various pH's with acetic acid and sodium hydroxide. 
Bggs were left one hour before examination. At pH 2-6 the eggs were reduced in volume 
and appeared “flxed"; at pH 6 0 they were normal in every respect. Nucleolar 
fragmentation was observed in some cells at pH 9*6, but most were normal. Most eggs 
were cytolysed at pH 11 6, but those which preserved their integrity appeared essentially 
normal. The liplde granules are evidently either more stable to pH changes than those 
of the Amphibia studied by Holtfreter (1946a) or the egg is less permeable. 

3. Effect of Vital Dyes, 

By dilution of a 0*1% solution in distilled water with sea water, 0*0001%; and 
0*00006% solutions of the following dyes were prepared: neutral red "‘vitar’ (Gurr), Janus 
green B (Grubler), brilliant cresyl blue (Gurr), nile blue (Grubler) and methyl green 
(Ourr) ; the latter because of its specificity for mitochondria In Arhacia eggs (Harvey, 
1941). Methylene blue, 0*00002%,, was used because of Its alleged specificity for Golgi 
apparatus (Worley, 1943 et seq.). The eggs were examined at i, 1, 3 and 24 hours. 

With the exception of nile blue, none of the dyes stained the egg. After three 
hours in cresyl blue the eggs were macroscop ically violet but this could not be seen 
microscopically. Neutral red sometimes stained a patch of granules opposite a visible 
abnormality in the external membrane, but normal cells never stained, Nile blue 
stained rapidly and, while no cortical differentiation was evident, by centrifugation of 
the eggs the stain was shown to be confined to the P granules. 

In the same suspensions, inclusions in the ciliated gill epithelial cells, which were 
sometimes present, were found to stain with the dyes in the concentrations used. 

In early oocytes, collected by differential centrifugation, the P granules stained 
with neutral red and methylene blue — the only dyes used on these cells. 

Whether this lack of staining of mature eggs was due to non-penetration of the dye 
or to rapid reduction to a leuco form, was not ascertained. 

4. Effect of Centrifugation, 

Centrifugation of mature egg suspensions by the method described gave clear 
separation of the granules. Some batches of eggs were refractory. The centrifugal and 
centripetal poles could not be determined directly but were deduced from the following; 
(a), h granules are shown later to contain much liplde and may reasonably be expected 
to have a lower specific gravity than the cytoplasm. (6). P granules are shown to be 
composed of protein and may be supposed to have a higher specific gravity than the 
ground cytoplasm. Having determined which granule group is which, by cytochemlcal 
means, the poles may be Identified in any cell by the position of the gei*mlual vesicle 
and nucleolus; the former migrates centrlpetally and the latter migrates centrifugally 
in the germinal vesicle. The difference in specific gravity between the L granules and 
the germinal vesicle is evidently not very great because the former are packed around 
the centripetal circumference of the germinal vesicle. This confirms deductions, made 
in an earlier section, about the high water content of the germinal vesicle and also 
BUggests that the specific gravity of the L granules approximates that of \vater. The 
lack of deformation of the germinal vesicle membrane by the nucleolus suggests that the 
latter has a specific gravity the same or less than the cytoplasm. 
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In dividing ceils the oeptrifugal tproe used oapsed no change In position of 
paetaphase or anaphase ccmhguraUons. The cytoplasmic eompOhcnts pf oellg |n lattosis 
Tfprp more difhcult to stratify than those of resting cells. 

One hoar after centrifugation the granules in most opeytea were still stratified. 

Plate ala. figures 50-63, and Plate xx, figures 61-^64, show the formations ohaeryed 
in centrifuj^ed eggs, 

5. Oxygen Uptake. 

In order to determine whether the eggs respired rapidly enough to be suitable for 
manometric studios, the oxygen uptake of fertilized and unfertilized eggs was determined 
by the direct method of Warburg. At 26^*0. the Qoi (N) of unfertilized eggs was -4*6 
and for fertilized (2 16 cell) ~ 14. Normal cleavage occurred in the fiasks when shaken 

at 100 cycles per minute. The figure of Humphrey (1946) for adductor muscle of this 
species recalculated as Qoa (N) Is “1 (at 26*C.). Warburg (1915) records values of 
-1'6 and -12 for unfertilized and fertilized ^trongylocentrotuH eggs pf a comparable 
stage of development (at 23°C.). Whitaker (1931) finds a decrease of 45% on 
fertilization in Cumingia eggs. His values cannot be converted into (N). 

VI. CVTOOHKMISTBY. 

1. hipide. 

Variable amounts of sudan hlack stainable lipide were preserved by all the fixatives 
used. The following descending series was found: Helly with post-chromation. HeUy, 
Baker and Bouin. The following descending series was found for the various dehydra- 
tion techniques: freezing drying, dioxan and alcohpl-xylol. As far as can he Judged^ 
the osmic-contalning fixatives preserved the most lipide, but Mann^Kopsch did not 
appear to be very much better than post-chromated Helly. Unhydrolyzed Feulgen 
preparations of the sublimate containing HsUy showed the same gradations in the 
dehydration aeries; the strongest reaction occurred in ppst-chromated Heiiy prepargtlpnf. 


Once fixed in Helly’s fluid, the lipides are almost impossible to remove hy extraction 
procedures, being more di^cult to remove than was the case in snail spermatocyte 
dlctyoaomes studied by Baker (1944), AU extractions were carried out in the Soxhifit 
apparatus at a temperature slightly less than the boiUng^POint Qf the extractant. After 
extraction, slides were stained in Sudan black. Table 1 describes these data, The 
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^guren iihowli^g degree o^ egtrgotio^ are approglipgte, IQ representing complete 
extraction. Frocen dried paraijSn sections were msed throughput. 

Iron bgemgtoxylin and uphydrolysed Feuigen preparations of the extracted sUdes 
showed the same sequences as did sudan biack. With the exception of xytepe^acetie. 
extraction caused little or no change in the cytologica} details. After xylene^acetlo 
extraction the cytological deUill was obscuredt evidently by solution of part of the 
protein. This probably allowed a more intimate contact between extractant and Hplde. 

Aoetone-dxed paraffin sections were found to contain little pr no Upide. The 
extraction presumably occurred mainly in the alcphoi and xylol used both before 
einhoddiug and also in bringing the sections on the slide down to water. Fixation In 
acetone or alcohol appears to be the only way of obtaining a lipide-free section — a 
matter of importance in glycogen cytochemistry. 

Maun'Kopsch preparations, treated with permanganate for short periods in order 
to clear them, could be bleached to a considerable extent in turpentine. The osmic 
blackening was just visibly reduced in half an hour and was almost completely absent 
after four hours. At no stage of this extraction was any vesicular (rim) structure 
demonstrated in the h granules. Slides treated in turpentine for varying periods were 
stained in sudan black. After two hours* extraction, the morphological integrity of the 
L granules had been largely destroyed, and, presumably by migration of lipide, the 
cell cortex was no longer sharply 4iff^**®utiated from the medulla. However, there was 
still a considerable amount of lipide, demoiiBlrabie by sudan black, after four days’ 
extraction in turpentine. Sudan black could be rapidly and completely removed from 
Helly preparations by treatment with absolute alcohol, but in turpentine-treated Manu- 
Kopsch preparations the time was much prolonged; evidently osmic fixation alters the 
Sudan black solubility properties of the llpldes In some way or preserves a further 
Upide class in which sudan black is very soluble. 

Treatment of Helly preparations for two hours with turpentine caused no 
demonstrable decrease In the amount of sudan black stalnable lipide. 

The Aoyama method did not preserve the h granules very well, but in lightly 
impregnated preparations a blackened rim could be seen in the intact granules. This 
can hardly be interpreted as an indication of a core of neutral fat, since the Impregnation 
seems to be due to a deposition of finely divided matal produced outside the structure 
Impregnated. The rim would be due to the fact that the silver had not yet penetrated 
into the core of the granule; sudan black staining of Aoyama preparations Indicates 
that this is the case. More deeply impregnated Aoyama preparations show the L 
granules as solid, but whether this Is due to penetration of the silver particles into 
the centre, or merely to a cortex so dense as to obscure any internal differentiation, 
cannot be decided. 

The identity of the Upide classes — phospboUpide, fatty acid and neutral fat — is 
difficult to recognize cytochemically when the three are present together. Because of 


T4»L|I 2. 


Hours 

KxtraoUon. 

Degree of 
Bxtractlon. 

Appearance. 

0* 

- 

I4gi)tly stained globules. 

1 

u 

InteiMoly staiaad rims, po centre. 

a 


tv i> yj H ff 

la 

a 

>, If 1, f? », 

£4 

s 

Lightly stained rim^. 

ao 

to 

(complete) 

— 


* Tftkea up to xylol snd down again to water. 








174 


CYTOLOaT OF OOOKKKSIH IN THK SIDNEY BOCK OY8TKB, 


the solubility proportlee of the fixed lipide In the present material, the presence of 
phospholtplde seems proved. Helly-flxed free fatty acid will resist extraction for a 
considerable time. Oleic acid was emulsified with gelatine and smeared on slides. 
After fixation in Helly they were subjected to varying times of extraction with alcohol- 
chloroform mixture and stained In sudan black, giving results which are set out in 
Table 2 (cf., Tennent and Gardiner, 1930). 

It is evident from the above that the L granules cannot be composed entirely of 
fatty acid, but it cannot be decided whether fatty acid is present or absent In them. 

Nor is the presence or absence of neutral fat easy to determine. The previous 
observations suggested that it was not present, but neutral fat may have been extracted 
before the slides reached the sudau black (i.e., during embedding, and in bringing 
the slides to water). As sudan black staining is really too intense to enable small 
changes In lipide concentration to be observed under the microscope, the sudan IV 
method of Kay and Whitehead (1936) was used on isolated eggs. Individual L granules 
were studied as far as possible and estimated degrees of staining found are set out 
in Table 3. 


Tasx^k 3. 
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The above was considered to indicate the probable presence of neutral fat although 
the amount is not necessarily in relation to the degree of reduction of staining noted 
above. Little difference in size of the L granules in living, Mann-Kopsch or post- 
chromated Helly-fixed eggs could be seen, although such a difference might be expected 
if neutral fat were dissolved out of the granules. 

The cytochemical evidence thus points to the presence of phospholipide, neutral fat 
and possibly free fatty acid, in the L granules. 

In the mature egg cytoplasm, lipide Is confined to the medullary region; no lipide 
is present in the cortical P granules. In Helly, Baker and Bouln preparations, the 
breakdown of the L granules — followed presumably by some migration of lipide — 
obscures the llpide-free cortex to a variable extent. As far as can be seen, in prepara- 
tions in which L granule morphology is completely preserved, no lipide occurs in the 
ground cytoplasm, but there Is a slight sudan black staining of the L granule free 
cytoplasm of auxocyte I. There is very light staining of the nucleolus and nuclear 
reticulum (cf., Stoneberg, 1939) and ho apparent change In this staining is evident 
during the growth of the oocyte. An apparent light staining of the external cytoplasmic 
and germinal vesicle membranes was evidently an artefact, due to increased refractUlty 
111 the wafer-mounting medium (low refractive index), since it was also evident in 
unstained preparations. 

The fuchsinophilic granules on the germinal vesicle membrane, noted In a previous 
section, were considered artefacts due to adherence of broken down L granules to the 
membrane for the following reasons: (o). Bimilhr formations could be stained by sudan 
black in the same cell types, but not in cell types other than those In which the 
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fuchBinophilic granules occurred. (?>). They are not shown in Mann-Kops<di, Champy or 
Kolatchev In which the L granules are more completely preserved. (c). In post- 
chromated Helly preparations the same adherence to the nuclear membrane occurs 
in the early cells, but here the clumps are larger, (d). In cells where the formation is 
present, no h granules can be demonstrated in the cytoplasm; L granules are known 
to occur In the cytoplasm of cells of this stage in Mann-Kopsch preparations. 

No attempt was made to follow sterol distribution. 

Plate xix, figures 47-41), 53-55, and Plate xx, figures 58, 59, 61, Illustrate some of 
these observations. 


2. Olyvogcn. 

The Bauer method, as described by Bensley (1989), was used, the Feulgen reagent 
and wash waters being those of Rafalko (1946). Chilled acetone was used as the 
fixative since with all other fixativos interference by lipide would be expected (cf.. 
Hoitfreter, 19466). Most of the slides were lipide free to the Sudan black stain but 
were given four hours’ extraction with alcohoPeiher (2:1) mixture first. This caused 
a slight reduction in tlie colour of the experimental slides in some cases, presumably 
due to removal of the sinaji amount of residual lli)ide. Table 4 Illustrates the results. 

Tablk 4 . 
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The residual colour in Slide 6 may be due either to incomplete removal of glycogen 
by salivary amylase or to the presence of another polysaccharide, e.g., gaiactogen 
which would not be attacked by the enzyme. 

Little change in glycogen content could be seen during the growth of the oocyte. 
The reaction is confined to the cytoplasm. 

3. Alkaline Glyverophonphaitise. 

The method of Gomorl (1941) was used: a mixture of a and ^ glycerophosphates 
was the only substrate used. Slides of acetone-fixed ovary were incubated for 4. 8 and 
24 hours at 40'’C.: the high temperature did not inactivate the enzyme in the times 
used. A strong reaction was given by the digestive diverticula. The oocytes appeared 
to give a strong reaction, especially In the germinal vesicle on nucleolar fragments and 
other granules, but the same pseudo-reaction was present in slides incubated without 
substrate. Placing the slide in boiling water abolished the reaction in tho digestive 
diverticula, but had no effect on the oocyte pseudo- react! on. 

Phosphatase has been described lii nuclei by most workers using the reaction — an 
observation substantiated by chemical evidence in the case of Isolated liver nuclei by 
Bounce (1943) — ^aud has been stated to be present on chromosomes by Willmer (1942), 
Krugelis (1941) and Danielli and Catcheside (1946). No such distribution either in 
chromosomes or nuclei could be demonstrated in the germinal cells of the present 
materiaL 
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4. J*rotein. 

The Mlllon reaction was performed using the reagent of Hensley and Oersh (1933) 
and the reagent of Cole (1933) diluted 1:1. Attempts to use the FoUn and Clocalteau 
reagent were unsuccessful. 

The Sakaguchi reaction was performed by the method of Thomas (1946). The 
staining was more intense than after Berra’s (1946) method. 

The distribution of fixed - SH groups was investigated on fixed material by the 
method of Berra (1946) before and after HCN pretreatnientp and by the method of 
Brachet (1938) using separated mature eggs. Neither method gave rise to any colour, 
macroscopic or microscopic, 

Bouin, acetone and Helly preparations were used. 

Tyrosine . — Oocytes and digestive apparatus gave aiwut the same colour. The 
vesicular tissue gave the least reaction, but it was proportionately more than for the 
arginine reaction. In the mature oocyte the nucleolar reaction was approximately 
the same as the cytoplasmic reaction. There was some increase In cytoplasmic 
reaction as the cell became more mature. In young cells the nucleolus gave a lighter 
reaction than the cytoplasm of its cell but this can be explained by the smaller size 
of the nucleolus in these cells (nucleolar diameter section thickness 6/*). No 

difference in colour between P granules and ground cytoplasm could be seen. 

Aryinine . — Little or no reaction occurred in the vesicular tissue; the vesicular 
tissue nuclei were slightly differentiated. The oocytes gave a more intense reaction 
than the digestive apparatus (except for certain granules and the ciliary insertion 
regions). In the mature oocyte the nucleolus and cytoplasm gave about the same 
colour. Little change in apparent content was noted during the formation of the egg. 
No difference in arginine content between P granules and ground cytoplasm was found. 
The chromoscnnes of the definitive auxooyte were not well differentiated and the 
nucleus in the cells of the digcistlve apparatus was not differentiated from the cytoplasm. 
The fact that the nucleolus in the young oocytes gives about the same colour as the 
nucleolus of the mature egg, can probably be interpreted as meaning that the arginine 
content of the former is higher. 


6. Hibose Nucleic Acid. 

Attempts were made to demonstrate rlbose nucleic acid by the McHury and Slattery 
(1946) reagent and hy the methods of Mitchell (1943), but were not successful. 
Reliance had therefore to be placed In the distribution of basophilia. It was not 
convenient to prepare ribonuclease but the relative distribution of the basophilia, 
taken In conjunction with the analytical figures for ribonucleic acid, was considered 
to give a reasonably accurate relative idea of the distribution of the nucleic acid. 

Tolu id In e blue and Ehrlich’s haematoxylin staining of Helly, post-chromated Helly, 
Bouiu- and acetone-fixed slides form the basis of the description. Acetone fixation, 
while probably satisfactory for histochemical comparisons, was not suitable tor cyto- 
chemical observations. Helly and post-chroma ted Helly pi’eparati ons gave essentially 
the same picture as Bouin, except that the degree of basophilia was reduced in all 
structures In the former fixatives. Ehrlich’s haematoxylin gave essentially the same 
picture as toluidine blue. 

Little change in nucleolar basophlly could be seen as the cell developed, but there 
appeared to be some increase in the cytoplasm. The germinal vesicle membrane was 
usually well differentiated, but there was no staining of the external cytoplasmic 
membrane. A clear demarcation of the cell cortex was usually present — it was very 
lightly stained as contrasted with the deeply stained medulla. 

Borne of the medullary reaction was due to the presence of lipide, since the lipide 
granule debris attached to the nuclear membrane in the early cells was often differen- 
tiated from the cytoplasm. However, in Bouin preparations, the iipide-free cortex Is 
seldom visible in sudan black preparations, while in the baSophUla preparations the 
cortex was usually visible as a rim staining thuch less intensely than the meduUa. 
The conclusion that the P granules contain little or no nucleic acid, and that the latter 
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is confined to the ground cytoplasm, seemed warranted. The fact that the nucleolar 
reactions of the early and mature oocyte are the same probably means that the 
nucleolus of the young oocyte contains more nucleic acid. 

Harvey and Lavln (1944), on the basis of ultraviolet light photography, describe a 
maximum nucleic acid absorption in the clear area (ground cytoplasm) of the 
centrifuged Arhacia punrtulata egg. 

VII. ChKMIOAI. ANAnYSES. 

The figures here quoted are from analyses of a batch of eggs collected in March 
from seven oysters. This can hardly be considered representative of the population, 
but the results are reported primarily as a check on the cytochemlcal findings. 

The eggs were removed from the ovary, centrifuged and dried by several suspensions 
In absolute alcohol over a period of two hours, followed by ether, and finally filtered on 
a sintered glass filter. The alcohol-ether drying fluids were combined and the volume 
noted. The weight of the dried egg powder was 980 nigm. and it was practically 
llpide free. 

Stannous chloride was used for reduction of the phosphomolybdate complex, since 
it allowed the estimation of much smaller quantities of phosphate than other reducing 
agents. Deviation from Beer's law is corrected by a standard graph. Rihose nucleic 
acid (or more accurately residual pentose) was determined by a method similar to 
that of Davidson and Waymouth (1944). The pentose colour was developed in the 
NaCl extracts by the reagent of McRary and Slattery (.1.945) using xylose as standard. 
Glycogen was estimated by the method of Humphrey (1940b) for digestion, precipita- 
tion and hydrolysis, the reducing sugar being estimated by the method of Nelson (1944). 
Nitrogen was determined by direct nesslerlzatlon. Turbidities occurred In some 
estimations due to the large quantities of calcium and phosphate. They were overcome 
(a) by centrifugation if turbidity was slight; (5) alkalinlzation of digest and allowing 
calcium phosphate to settle; and (r ) by Parnas-Wagner distillation and nesslerlzatlon 
of the distillate. Any turbidity In phosphorus determinations was removed by extraction 
of the molybdenum blue In butyl alcohol. 

All figures quoted are means of at least one sot of duplicates. 

1. The Egg Poivder. 

The egg powder (ll-77r total N, 1*31% total P) was subjected to the fractionation 
procedure of Berenblum Chain and Heatley (1939). The results obtained are sol out 
in Table 5. 


TasIiK 5. 


Kxtmct. 

(.Alcohol, Chloroform, 
Hther.) 

AelU Extract. 

<N/10 HCI.) 

JicHitliml 

Powder. 

Ammonia IS 

.. 

m 

... 

Total N 


0 1)9% 

10 2% 

Total P 

»•(>:«% 


0 ‘ 71 % 

luorg^ P (apparent) . . 

— 

0*14% 


Organic V .... 

.. 

0'41rt% 


N 

f 

4 us 

— 

142 


The residual pentose content of another sample of llpide and acid-extracted powder 
was found to be 2*7%. This powder was found to contain MB% phosphorus, so that In 
terms of the original unextracted powder, the pentose content Is l*e6%. This 
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correspondB to a ribose nucleic acid content of 7*0% and to a rlboao nucleic acid 
phosphorus of 0'67%. The closeness of this figure to that for residual phosphorus may 
be more apparent than real, since the method is subject to more error than most other 
estimations and needs careful checking in unknown material. The figures are much 
higher than those of Brachet (1931, 1936) tor sea urchin eggs and those of van der 
Ohinst (1934) for trout eggs. 

Glycogen was found to comprise 2‘7% of the dried powder. This is considerably 
less than the glycogen content of dried whole oyster (Humphrey, 1941o), but may 
explain the seasonal curve of glycogen conteijt which he found. 

2. The Drying Fluid. 

This contained 0*24 tngm, N and 0*106 mgm. P per 6 ml. A maximum of 0*08 mgm. 
of the phosphorus was soluble in hydrous ether and the nitrogen content could he 
reduced to 0*068 mgm. by leaving in contact with N/10 HCl overnight. It Is evident that 
the N/P ratios have little significance. 

An aliquot (45 ml.) of the drying fluid was evaporated under reduced pressure and 
the residue extracted with acetone. The acetone extract was centrifuged, evaporated 
and dissolved in alcohol. Titration of the alcoholic solution suggested the presence of 
free fatty acid equivalent to 0*67 ml. 004N NaOH. After saponification, this solution 
contained fatty acid equivalent to 0*6 ml. 0*5N NaOH. In order to eliminate water- 
soluble fatty acids, and because the titration had not been done on a mlcroburette, the 
fatty acids produced by saponification were collected, wiished, dissolved in alcohol, and 
titrated with 0*1 N NaOH. They were equivalent to 2*43 ml. This figure was used for 
calculation. The acetone-insoluble fraction of the original fluid contained only 56</r of 
the phosphorus present in the original drying fluid; this meant that the total fatty 
acid after saponification had to be reduced by an amount equal to the i)bosphatide 
present In the acetone extract (45<% of whole phosphatide). It also meant that the 
apparent free fatty acid content was too high. 

Calculation on the following bases: Phospholipidc containing 3*8% P and 96% of 
total P in drying fluid being phosphatide P; phosphatide saponification number 130, 
neutral fat and fatty acid saponification number 190 — suggested the following amounts 
of llpide in the drying fluid and calculated dry weight of lipide containing eggs. The 
figures are, of course, to be regarded only as approximations (see Table 6). 


Tarlk 6. 



Pho«|>hoUpldc. 

Erw Efttty 
Acid. 

Noiifrrtl Eat. 

Total. 

Drying rtdhi 

120 uigiii. 

<39 ingiti. 

306 ingui. 

465 TTigm. 

Orlgliml dry wrlglit 

«■»% 

<2 7% 

21% 

32% 


VIII. DiHonssiON. 

The terms “mitochondria'' and “Golgi apparatus" were avoided for numerous 
reasons. 

There is no trace of either L or P granules in very young oocytes, nor do they 
change much in morphology or apparent chemical composition during the maturation 
of the egg. For these teasons they should come under the rather loose term “yolk". 

The P granules differ in significant ways from mitochondria; they are more constant 
in size and morphology, are distributed in an unusual way in the mature egg, contain 
no liplde and apparently no uucleoproteln and do not stain in janus green B (although 
this may be due to non-penetration or slow penetration with rapid reduction). 

The absence of mitochondria in young oocytes, and Indeed, in all oocytes, is 
contrary to the theory that mitochondria are constant cell constituents. This is not, 
however, the first case in which mitochondria could not be Identified in young oocyites, 
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and it would bo begging the question to conclude that these cases are due to inadequate 
technique. A considerable 1 Herat m e now exists on sub-nil croscopic particulates in cyto- 
plasm, and it seems likely that they are just as constant a cell coustltuenl as the 
mitochondria, which they resemble closely in qualitative composition. However, there 
does appear to be some enzyme difference (Moog and Steinbach, 1946; Steiubach and 
Moog, 1945; Hogeboom rt «/., 1946; Schneider, 1946). It may be that the mlcrosomes 
can perform the functions of the mitochondria where the latter are absent, and may 
be transformed one into the other. Harvey (1946) has reported normal development 
of “raitochondria’'-free Arhacia eggs and dr novo formation of “mitochondria’' during 
development of the egg. 

The L granules also differ significantly from the classical Golgi apparatus; they 
are more resistant to fixatives, can be seen in the living cell and be stained with routine 
dyes. They show none of the typical complicated morphology and relations of the 
Golgi apparatus and none of the changes with physiological state which must be 
regarded as the nine qua non of the Golgi apparatus. Without sonic such criteria, 
there is no reason why any particulate bit of phosphatide or fatty acid should not be 
regarded as Golgi apparatus. The only way to establish an homology between the L 
granules and the Golgi apparatus would be to trace the former from the egg Into the 
differentiated cells of the young animal, as Worley and Worley (1943), Worley (1944) 
and others have attempted to do. Even here the connection depends on what the 
author considers to be Golgi apparatus in the differentiated cell. The L granules are 
also different in their centrifugal properties from what is usually found tor Golgi 
apparatus (cf. Beams, 1943; Hibbard, 1945). 
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X. So MM Ain*. 

(1) Previous literature on pelecypod mollusc oogenesis is detailed. 

(2) Methods of removing eggs from the mature ovary are described; eggs so 
removed are considered essentially comparable with naturally spawned eggs. 

(3) An adapted Masson technique and a method of dehydration by freezing drying 
are described. 

(4) An unusual type of definitive early auxocyte occurs. 

(6) Nucleolar fragmentation is shown to be an artefact in the present material. 

(6) The chromosomes may be seen at all stages of oogenesis. The diploid number 
is 10 and the reduction divisions occur after sperm entry. 

(7) On centrifugal and cytochemical grounds, protein and lipide granules are 
differentiated, which are confined to the cortex and medulla, respectively, of the mature 
egg. Stages leading up to this are described. 

(8) An external (vitelline) and an Internal (plasma) cytoplasmic membrane are 
present. 

(9) The eggs are resistant to changes in osmotic pressure and pH of the suspension 
medium. Of six vital dyes used only uile blue caused any staining. 

(10) The Qt,s (N) of fertilized and unfertilized eggs was - 14 and *4*5 respectively. 

(11) Centrifugal stratification of the eggs Is described. 

(12) Cytochemlcally the lipide granules consisted of phospholipide and some neutral 
fat. The presence of fatty acid could not be excluded. 

(13) The presence of polysaccharide, probably glycogen, in the eggs is indicated. 

(14) No alkaline glycerophosphatase could be demonstrated in the egg. 

(16) An apparent increase In tyrosine was found in the egg protein as the cell 
developed, but no change in arginine could be demonstrated. 
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(16) The distribution of basophilia suggested that cytoplasmld rihose nucleic acid 
was confined to the ground cytoplasm. 

(17) In general, chemical analysis confirmed cytochemloal findings. 
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BXi’LANATlON OF I’LATES XVl-XX. 

Betlerinp. 

a-h, Cell types A-H. ac, Anaphase chromosomes, ic, (.'orlex nf mature oticyte. ef, Ceiitri* 
fugal end of cell, cp, Centripetal end of cell, ds, Vesicle detached from saielliie nucleolar 
body, fw, Follicle wall, gc. Ground cytoplasm, kr, Karyolymph reticulum, Ig. Lipidc granules. 
Igd, Liplde granule debris, m, Medullary region of mature oocyte, me, Metaphasc chromosomes, 
n, Nucleolus, nf, Nucletdar fragment, ng. Nucleolar granules, nv, V<*Hic/c pi-oduced by i>reak- 
down of germinal vesicle, pg, Protein granules, s, Nucleolar satellite, vg, Granules attached 
to germinal vesicle membrane, vi, Liplde In veskular tissue, vl, Vt^sliuhir lissut. 

A scale corresponding to ten ml<‘Vons is included in each plate. Wheit two such scales 
are present, the figure® to which one of them correeponds arc given below or at the side of this 
scale. The other scale is for all <ahcr figures on the plate. 

Plate xvi. 

Fig. 6 .— The diatom Amphiplmra liudheimerei. This is included as a measure of technique 
us the experimental biologist includes standard deviations, etc. 

Fig. 6 .— Hefiy, Feulgen. 

Fig. 7.'- Helly. iron haemaioxylln. 

Fig. 8 .— Bouln, Feulgen. 

Figs. 9-10.— -Helly, Feulgen. 

Figs. 11 - 12 . — Helly. sudan biuck. Nucleolar gramileH. 

Figs. 13-15.— l*o»t-chromnted Helly, Feulgen light green. 

Plate xvU. 

Figs. 16-19. — 1% osinic. Whole egg. Nucleolar fragmentation stages. 

Figs. 20, 21, 23, 26. — Kelly, Feulgen. (Chromosome pairs in mature egg. 

Figs, 22, 24, — ^Helly, Feulgen. Nucleolus chromosome relation. 

Figs. 26-32. — Helly, Bensiey-Cowdry. 

Plate xvlli 

Fig#. 83-»7.-*-H«Uy, Beneley-Cowdry. 

Figs. 88-46.— Mann-Kopeoh. 

Plate xlx. 

Fig. 40. — Mann-Kopsch. 
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Flgs). 4 7-4 li.— Kelly, fiudan blaek. The »rtefai’tory aggregation of Li granule* on the nuclear 
membrane tn early oocytes. ('Compare with Figures 30, 32 and 34, remembering that there is 
some loss of resolution in slides mounted In low refractive index media. 

Figs. 50-52.— Helly, Feu 1 gen. Centrifuged developing whole egg. No spindle displacement. 
Figure 52 is unusuHlly favourable for chromtmome counts 

Fig. 53. — Kelly, siKltin black, Centrifuged fieveloping whole egg. The visibility of the P 
granules Is (raused liy the low refnu'ttve index of the mounting medium. 

Fig. 54.— -l^ost-ohromated Kelly. Unhydrolysed Feulgen. The L grunules stain. 

Fig. 55. — Kelly, sudun black. 


riiiU? XX. 

l''lgs. 50-57. — Mann-Kopsrh. Mature oocyte. 

Fig. Kelly, Sudan lilack. 

Fig. 50. — Posl-chromated Kelly, HU<ian black. 

Fig, (10.-- Kelly, Hensley -Co wdry. Mature oocyte. 

Figs. 02-04, ~-K/r osfrilc. Centrifuged mature oocytes. The deposition of osmiurtt on the 
1’ gmniiles is an artefact: due to after treatment. It does not occur in lemptfrary mounts but 
in the present Oguros servos to show the granule group*. 
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ON FOSSIL LEAVES (OLEACEAE) AND A NEW TYPE OF FOSSIL POLLEN 
GRAIN FROM AUSTRALIAN BROWN COAL DEPOSITS. 

By Isabel C. Cookson, D.Sc., Department of Botany, University of Melbourne, 
{Communicated by Dr. W. H. Browne.) 

(Plates viii-x; four Text-figures.) 

CReafi 3ath July, 19i7.1 


lNTROt>UCTIO«. 

Mummified leaves, which on structural grounds are believed to have belonged to 
an extinct member of the family Oleaceae, occur in considerable numbers in the brown 
coal deposits of the Latrobe Valley in Victoria and Moorlands in South Australia 
(Cooksoni 1946). The evidence to be submitted below suggests a possible affinity with 
the tribe Oleineae (Knoblauch, 1897), but is insufficient to connect them directly to an 
individual genus of this tribe. For this reason the generic name Oleinitrs, n. gen., 
which implies tribal affinities only, is proposed for them. 

Two species of Oleinites have been discovered. One of these, namely, 0. Willisii, 
n. ap:, has been collected in some Quantity from the upper zones of the open cut at 
Yallourn and in Bore 28 at 160 feet at Hazelwood, south of Morwell. 0. crenulata, n. sp., 
the second species, has been found only in the deposits at Moorlands. 

Ettingshausen in 1888 described a fossil leaf from Vegetable Creek in New South 
Wales to which the name Olea Macintyrei was given. His identification, however, was 
not substantiated by anatomical details. Apart from this doubtful species, X know of 
no other record of fossil Oleaceae from southern Tertiary rocks. 

The fossils typifying Oleinifes are glossy, transparent, and paperdike in appearance 
and greenish-brown to amber in colour. Although nothing remains of the original 
structure but the outer wall of the epidermal cells, the general form of the loaves Is 
faithfully preserved. Frequently the thicker upper cuticle alone is represented, but in 
more favourable examples useful portions of the lower cuticle have been found. The 
thickness and high degree of cutlnization of the outer walls of the epidermal cells were 
apparently responsible for the excellent preservation of both morphological and 
anatomical features. 

Usually 0. WiBiyii is aggregated into thick, layered masses in the coal (Plate vlll, 
fig. 1), from which Individual leaves or pieces of leaves can be readily detached. 
0 . crenulata^ on the other hand, is more sparsely distributed in the coal and is 
preserved In a more fragmentary condition. For this reason, 0. has been 

chosen as the type species of the new genus. 

Portions of such fossils can be mounted directly either in Canada Balsam or 
glycerine jelly, but clearer and cleaner preparations have been obtained by bleaching 
for about fifteen to thirty minutes in a 12% solution of sodium hypochlorite. Treated 
cuticles, after a thorough washing with water, can then be stained with safranin and 
mounted in glycerine Jelly. 


Desohiption oit FoftsiLe. 

OtxmiTEs WiLLXsn, n. gen., n. sp. 

Bwternca Features. Plate vill. figs. 1-5. 

The leaves are simple, shortly petiolate, and oblanceolate to almost spathulate. 
^They show a considerable variation in slse, the examples measured ranging from 
1-9 cm. In length and 2 mm -9*8 cm. in width. They have an obtuse and usually more 
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or leas deeply retuee apex and an entire and strongly thickened margin. Apart from 
the midrib, which Is Indicated on both surfaces, the venation Is not evident. 

Peltate Hairs, Plate lx, flg. 8; Plate x, fig, 24, 

Trlchomes which seem to come into the category of peltate hairs are conspicuous 
features of both leaf surfaces. Their state of preservation permits the interpretation 
of their general form, but precludes a clear and positive stulmneut regarding the finer 
details of structure. Furthermore, it is impossible to say whether these hairs had a 
glandular function or were more comparable to “clothing hairs” such as occur, for 
example, in Olea europaea (Solereder, 1908. p. 623). Nevertheless, It should be 
mentioned here that the frequent occurrence of epiphyllous fungi on such leaf remains 
might be more compatible with a glandular character. Because of this uncertainty 
regarding their function they will be referred to subsequently as peltate hairs. 

Each peltate hair consisted of a stalk and a radially constructed shield of variable 
size. The stalk Itself is never preserved, but Its upper limit Is clearly marked by a 
circular thickening IS'-SOg in diameter, beneath and in the centre of the shield. 
Moreover, the fact that It was sunk beneath the general level of the cuticular surface 
is shown hy a small elevation In the vicinity of each hair, which is plainly visible 
when a cuticular surface is viewed from within (Plate vlli, fig. 7). The position of the 
hairs is Indicated by corresponding depressions on the coal when the fossil is removed. 

The shield was apparently composed of radiating cylindrical cells with cutlnized 
walls and wide lumlna. but the latter are usually preserved in a more or less contracted 
condition. The number of rays varies from sixteen to thirty-six or possibly even more, 
according to the size of the shield. In the majority of hairs, the diameter of the 
shield ranges from 68-^106^, the average being approximately SOg. However, con- 
siderably larger hairs, the diameter of which is between 119-1 8 6ju, occur at intervals, 
particularly on the midrib. In these examples it la difficult to determine with accuracy 
either the number or arrangement of the cells into which the shield Is divided. The 
ray-cells appear to have been free from one another for the greater portion of their 
length. This may have been a natural feature, but the possibility that the apparent 
disunion resulted from post mortem changes must also be borne in mind. The length 
of the individual cell Is exceedingly variable and only a few reach the centre of the 
shield, the majority ending at the margin of the stalk (Text-fig. 3). The appearance 
of some of the hairs suggests that a second smaller shield composed of small, free 
ray-cells may have been present on the upper surface of the principal shield. 

Lower Epidermis. Plate Ix, figs. 9-11. 

The stomata are restricted to the lower epidermis, where they assume a more or 
less linear grouping around, and at some distance from, the peltate hairs. The 
approximate number per sq. mm. is 100 ± 40, They are oval to circular in surface 
view, and usually distinctly flattened at the poles. The considerable variation in size 
of the stomata, which is especially evident in 0. Willisii, Is possibly the most distinctive 
and reliable diagnostic feature of Oleinites. In this species, stomata of three quite 
arbitrary size groups can be recognized. The majority come within the limits of 
29-58 m for the axis parallel to the pore (to be subsequently referred to as the length), 
and 26'6“68 ai for the axis which crosses the pore (the width), the approximate average 
for this group being 46 x 44m. Larger stomata, which occur sporadically on the lamina, 
comprise the second group: they have a range of from 61-8Bm 58-80m, and an average 

of 72 X 69 m. Giant stomata, usually restricted to above or near the midrib, are more 
sparingly developed. Those observed have measured from 93-11 9m In length and 53-1 12m 
In width. 

The outer walls of the guard cells are strongly thickened, and In the larger stomata 
show clearly deflned concentric cuticular striations. The dorsal limits of the guard 
cells are sharply deflned, and the poral rims are pronounced. The epidermal parenchyma 
can seldom be distinguished, even in otherwise favourable cuticles. With low-powered 
objectives the outlines of the cells surrounding the hair bases are sometimes visible,, 
These are of moderate size and have thin, deeply sinuous lateral walls. The outer 
wall is thickened and cutlnized, but to a lesser degree than that of the upper epidermis. 
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The peltate glands conform to the general description already given; they are rather 
widely spaced, the approximate number per sq. mm. being 

Upper Epidermis, Plate lx, flg. S. 

This consists of uniform, sinuate parenchyma; the outer cell walls are about 13 m 
thick and heavily cutinized. Peltate hairs, similar to those on the lower epidermis, are 
present, whore they average 10 per sq. mm. 

Oleinitks chekulata, n. sp. 

External Features. Plate x, figs. 16-21. 

A complete leaf cuticle of this species has not been seen, but a workable description 
permitting Its identification has been built up by a study of a number of the larger 
fragments of cuticle. 

The leaves of 0, crenulaia seem to have varied considerably In size, for the smallest 
specimen observed measures 1 cm. in length and 0-6 cm. in width, and the larger, 
incomplete specimen, illustrated In Plate x, figure 16, Is 2-5 cm. long and 1*8 cm. wide. 
The lamina which appears to have been broadly lanceolate tapers towards the base. 
In several fragments the apex varies from obtuse to subacute, and is sometimes slightly 
retuse (Plate x, flg. 17). The margin of the leaf is unthickened, and in the distal 
region, at least, is slightly crenulate. The venation Is prominent on both surfaces; 
from the midrib strong lateral veins are given off at an angle of about 75°, and these 
give rise to numerous finer veins which anastomose to form a conspicuous network. 
This is indicated on the upper surface by irregular, raised areas, each of which Is 
separated by the slightly sunken cuticle covering the venules. 

Lower Epidermis. Plate x, figs. 25, 26. 

The stomata occur only on the lower epidermis, where they are restricted to the 
areas marked out by the veins. Here they are closely arranged and number about 
450 per sq. mm. They are oval to circular in surface view and average 36m x 32m, their 
range in length being 24-60m. Much larger stomata occur infrequently; these vary 
from 53-106m in length and from 37-101m In width. The dorsal limits of the guard 
cells are clearly defined and their outer walls are concentrically striated. The poral 
rims, which are frequently missing, however, do not appear to have been especially 
thickened. 

The cuticle of the stomatal parenchyma is seldom preserved, and in one specimen 
only have the deeply sinuous outlines of epidermal cells been distinguished (Plate x, 
fig. 26). The parenchyma appears to have been uniform anci the outer walls of the 
epidermal cells non-strlated. The cutlclo of the elongated cells covering the veins, 
however, is longitudinally striated. Peltate hairs of the same general type as those of 
0. Willisii are rather widely spaced In the lower cuticle. 

Upper Epidermis, Plate x, figs. 28, 24. 

The cells of the upper epidermis are large and deeply sinuate: the cuticle shows 
undulating striatlons which follow, more or less, the outlines of the cells. Peltate 
hairs average 20 ± 13 per sq. mm.; their shields have diameters ranging from 63-428m 
and the number of rays into which they are divided varies from 12 In the smallest 
to about 36 in the largest examples. The rays lie in one plane, but all do not reach 
the centre (Plate x, fig. 24). 

Systematic Position of Oleinites. 

The identification of fossil leaves, even when structural features enable comparisons 
with living types to be made, is often associated with an element of doubt, and such is 
the ease In the present Instance. No recent type has been found having a cutlcular 
structure with which that of Oleinites can he exactly matched. When, however, 
Individual features of the fossil cuticles are compared with similar characters in recent 
species, the number of points on which agreement is reached is sufficient strongly to 
favour, if not definitely to establish, an alliance with the Oleaceae in general and the 
Olelneae in particular. The facts that support such taxonomy are summarised oa 
follows: 
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(а) . Bize md Shape o/ Btomata^ — Perhaps the moat etriking feature of the 
lower cuticles of OMnitea^ as exemplified by 0. WilJieii and 0. oreiMtliUaf la the 
wide range In size shown by the stomata. Furthermore, the development of 
exceedingly large stomata, which sometimes reach a length of 119 mi is both 
obvious and characteristic. It was this unusual feature that originally suggested 
the Oleaceae as the family to which Oleinites mlfi^t he related. Solereder (loo. 
cit., p. 6^2) writes; '‘It is also worthy of remark that sometimes, e.g. Foreatiera 
poruluaay large and small stomata occur side by side/* This statement fitted so 
well with the appearance of Oleinitea that cuticles of some of the other members 
of the tribe Oleineae were examined. The figures obtained show that 
of the recent species examined 65% of the species of Olea and 100% of those of 
Notelaea possess a variable number of stomata which are conspicuous on account 
of their greater sise and isolated position. The length of such “large" stomata 
exceeds the average length of the smaller stomata by from 6-20 m. Moreover, 
even when large stomata, as such, are indistinguishable, a variation in length 
of from 7-20>ui is a natural occurrence in all of the species investigated. In 
spite of lower maxima and minima, therefore, the range in length Is comparable 
to that of Oleinitea, 

As far as actual size is concerned, the stomata of Oleinitea, especially 
O. Williaii, appear to be quite unusual. The large stomata of O. eoncolor, for 
example, which average 60 x 40/4, fall far short of the dimensions of the large 
stomata of 0. Williaii, The stomata of 0. crenulata, being smaller, are more 
comparable with those of recent species, but here again giant stomata far above 
the average distinguish this species from recent types. 

The shape of the stomata In species of Olea and Notelaea, since it varies 
from elliptical to circular according to the species, is a less Important diagnostic 
character. In Oleinitea the stomata are oval to circular in surface view and in 
this respect approximate to those of O, acuminata, 0, maritime, 0, dioioa, 

N, longifolia and N, ovata, in all of which the stomata are roughly circular. 

Great variation in the grouping of the stomata has been observed. In the 

majority of recent species the stomata are more or less evenly distributed but 
are usually wanting over the veins (in 0.. foveolata, as in Oleinitea Williaii, large 
stomata are sparsely developed over the midrib), and in the immediate vicinity 
of the trichomas and large stomata. Sometimes, e.g., lu 0. paniculuta a wider 
zone around each hair is devoid of stomata, a feature reminiscent of 0. Williaii. 
The somewhat linear arrangement of the stomata In this species and in 

O. foveolata is another point of convergence. 

(б) , Peltate Trichomea. — These are present, according to Solereder (loc. 
cit., p. 621), in all genera of the Oleaceae, but this author does not mention 
whether they are constantly distributed on both sides of the leaves. During 
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thft present Investigation peltate trlchomes have been found invariably on the 
under epidermis, and with only one exception, namely, 0, foveotata^ on the 
upper epidermis. Peltate hairs have been recorded in a number of families 
and genera (Solereder, p, 1121), but in many of these, appear to be restricted 
to the lower epidermis. Their occurrence on both cutlcular surfaces of Oleinites, 
though in itself insufficient evidence of affinity with the Oleaoeae, corroborates 
the assignment to this family. 




Text-fla. 2. — Peltate hairs of (a) Oleo europaea an<| (h) Olen panumlata, x 500. 

In most recent members of the Oleaceue the trichomes take the form of 
peltate glands (PrlUleux, 1856). In these the head ranges from 29-60)^; It Is 
oval to spherical with usually an entire margin, and is divided into from 8-16 
cells. In contrast are the “clothing hairs*’ of Solereder which distinguish such 
species of Olm as 0. europaea, O, chrysophplla and 0. ouspidata. In these 
species the shields, which are divided Into 24-30 partially separated cells, are 
large, the average diameter being about 160/it; moreover, they overlap one 
another so that an effective covering for the leaf-surface is provided. In a few 
species, e.g., 0. paniculataf 0. glanduUfera and 0. emaperata, an Intermediate 
type both as regards slse and distribution appears to be distinguishable. The 
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average diametere of the shields of these species vary from S0-90 m and are so 
spaced that they do not overlap one another; in addition the ray-oells* which 
number 16-'20, are usually completely united. It is not possible to decide from 
herbarium specimens whether this type Is of the nature of small clothing hairs 
or large peltate glands, so that, for convenience, they will be arbitrarily termed 
peltate hairs. 

As regards the size of the peltate hairs of Oleinites, the most remarkable 
feature, when comparisons with recent species are made, is the extreme difference 
In size of the shields of the largest and smalleat hairs. The large hairs with 
shields ranging between 100 and come within the range of those of the 
0. f‘urop(iea class, but the majority have diameters considerably below these 
figures. The average diameter of the smaller hairs in 0. Willisii is 80^ and in 
0. crcnulata 70m. both examples coming within the range of the 0. paniculata 
type. In no species of either Olea or Notelaca has such a wide difference been 
observed; in fact it can be said of recent species that the range in size Is 
not considerable. Reference has already been made to the difficulty experienced 
In Interpreting the structure of the hairs of Oleinites. Whilst they appear to 
have been built on the same general plan as those of the 0. europaea and 
0. paniculata types, their greater variability both in size and number of rays, 
together with the apparently greater freedom of the ray-cells and the higher 
degree of cuUnIzation of their walls, distinguishes them from the peltate hairs 
of recent species. 

(c). Epidermal Parenchyma . — In the majority of recent Oleineae the cells 
of the epidermal parenchyma have straight lateral walls. A few, however, such 
as 0. foveolata, 0. inticnsu and 0. moniana, agree with Oleinites in having 
epidermal colls with undulating lateral walla. 

Solereder (loc. cit., p. 522) notes for leaves of the Oleaceae that “the outer 
walla of the epidermal cells are distinguished by considerable thickness”. This 
feature, shown well by 0. lanceoJata and 0. i^crrucosa, where the wall may be as 
much as 26m thick, also characterizes Oleinites, more particularly 0. WillUii, in 
which the upper cuticle is about 13 m thick. Solereder continues with the remark 
that “the cuticle not uncommonly shows undulated strlation”. Personally, I 
have observed clearly defined strlations In the upper cuticles of such species 
as Olea exusperuta, O. lanceolaia, Notekica ligmtrina and longifoUa. An 
interesting comparison Is thus afforded with Oleinites cremilata, in which the 
upper cuticle is conspicuously striated, the striations following, more or less, the 
sinuous outlines of the cells themselves. The cuticle of the cells of the lower 
surfac<’ which cover the venules show longitudinal striations. 

id). External Morphology . — The loaves of the Oleineae are simple, entire, 
petlolate and vary considerably in size within a species. This description 
applies equally well to the two fossil species, a wide size-range being apparent 
In both. 

The prominence of the venation is another variable character. In Olea^ 
cuspidata and O. exasperata, for example, as In Oleinites WilHsii, the midrib is 
the only vein clearly distinguishable on both sides of the leaf. Beutham (1869, 
p. 298) makes use of this character in his key to the Australian species of 
Eotelaea, to distinguish A^. Ugustrina and A. linearis from the remaining species 
in which a reticulum is conspicuous. On the other hand, the prominent network 
of Oleinites crenulata Is paralleled amongst the Oleas by the somewhat finer and 
less obvious reticulum of 0. paniculata. 

The refuse apex of 0. Willisii is remarkably similar to that of Osmanthus 
Eadula, although the slight narrowing towards the apex in that species contrasts 
with the usually broader tip of 0. WilHsii. This resemblance is only of minor 
Importance, however, since retuse apices occur in widely divergent tmllies. 

The last morphological character that must be briefly mentioned Is the 
thickened leaf-margin of 0. WitHsii, It is interesting to find the counterpart 
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ot this in the thickened "nerve-like*’ margin of 2^o<elaea Wneori« mentioned by 
Bentham (loc. cit., p. 300) and to see it prominently developed also in Oamanthua 
Badula (Plate vlil, fig, 6) and Olea exaaperata. 

(e), (reographical DUtribution. — ^The Oleineae Is well represented In the 
recent floras of Australia, Polynesia and New Zealand. Five species of Olea have 
been recorded from this area, one, namely, Olea panicwlala, being endemic to 
Australia. Several species of Notelaea also occur in the Australasian Region, 
five of which are Australian species. Without entering into greater details, 
therefore, It is clear that the present distribution of the Oleineae is consistent 
with the tentative suggestions put forward In this paper regarding the taxonomy 
of Oleinites. 


CirJl(?ULAU S'l'UlTCTlTBE Ot' HOMK ReCENT OtElNEAE. 

This section has been prepared with the assistance of Miss S. Duigan, B.Sc., whose 
willing co-operation I acknowledge with much pleasure; I am further indebted to Miss 
Duigan for the drawings shown in Text-figures T' 4. Thanks are also due to Mr. A. W. 
Jessep, Director of National Herbarium of Victoria, for providing the specimens used 
in this study. 

The cuticles were removed by the action of a warm 12% solution of sodium 
hypochlorite, after a previous boiling in water to soften the dried tissues. 

1. AVKHAGE niAMETEK OK PEI.TATK HAIKS lOO-lSOjU- 
Olea europaea Linn. Mediterranean Itegion. 

Jjower BpidermlH. — Cells small, lateral walls thin, unpitted, slightly sinuous; cuticle 
thill, faintly striated. Stomata about 300 per sq. mm., absent from the parenchyma over 
the veins and immediately surrounding the hair bases; elliptical, averaging 28 x 21g, 
the long diameter ranging from 26-33^. Large stomata average 37 x 19m, and range from 
37-41 m long. Peltate hairs are extremely numerous, averaging 180 per sq. mm.; each 
shield is divided into about 24- 30 cells which become free from one another towards 
the porii>bery; the average diameter is 3 60/*, and the scales overlap. 

Upper ICpidermia. — Cells small, lateral walls thin, straight, and unpitted. Glands 
average 60 per sq. mm. 


Olea cfirysaphylla Lam. Abyssitiia. 

Lower F4pidermi8. — Cells small, lateral walls thin, straight, uupiUed. Stomata about 
340 per sq, mm., evenly distributed, elliptical, averaging 2i x )5m, long axis 18'2f)M. 
Large stomata not developed. Peltate hairs numerous, 160 per aq. mm.; shield about 
118 m in diameter, composed of 24 rays which become free at the periphery. 

Upper Epiderrau. — Cells small, lateral walls moderately thick, straight, and 
unpitted; cuticle granular; peltate hairs average 46 per sq. mm. 

Olea empidata Well. India. 

Lower Epidermia. — Cells small, lateral walls thin, unpitted, slightly sinuous. 
Stomata evenly distributed, approximately 330 per sq. mm.; olUptlcal, averaging 23 x 16 m, 
with a range in length of 18-26 m. Large stomata not differentiated. Peltate hairs 
numerous, overlapping, approximately 160 per sq. mm.; shield divided into 24 rays, 
which become free near the periphery; average diameter 124 m- 

Upper EpiderniiH, — Cells of medium size, lateral walls thin, sinuous, unpitted; those 
Immediately adjacent to the stalks of the hairs larger, with straighter walls. Peltate 
hairs average 67 per sq. mm. 

2. AVKllAOE niAMETEE <«'’ PELTATE HAmS 80 -IOOm. 

Olea exaaperata Jacq. South Africa, 

Lower Epidermis, — Cells of medium size, lateral walls straight, thick, unpltted; 
outer walla thick; cuticle granular. Stomata evenly distributed, approximately 200 per 
sq, mm.; broadly elliptical in shape, average size 34 x 26m, the long axis ranging from 
26~37 m* liarge stomata average 68 x S7m, and range In length from 44*69m. Venules 
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TexUfig, 3, — (a). Peltate hair of Oleinites crenulata In »urface view, x 600. (b). Vertical 

aeetion of lower cuticle of Oleinitea WiUiaii ahowtog peltate hair, x 600. 

are absent. Peltate hairs average 33 per sq. mm.; the shield is divided into 16 unequal 
rays; margin entire, sinuous: average diameter 80 m. 

Upper Epidermis . — Cells of medium size, lateral walls thick, straight, and unpltted; 
cuticular striations conspicuous; glands sparse, averaging 8 per sq. mm. 

Olea glandulifera Desf. India. 

Loiver Epidermis . — Cells small, lateral walls thin, straight, unpitted, those adjoining 
the bases of the hairs being larger. Veins conspicuous. Stomata approximately 370 
per sq, mm., absent from the parenchyma covering veins and surrounding the hairs 
and large stomata. Elliptical in shape, averaging 26 x 20 m, the long axis ranging from 
22“30m. Large stomata average 38 x 27m and range from 36-44m. Peltate hairs numerous, 
approximately 85 per sq. mm.; shield more or less circular in shape, composed of 
16-20 unequal rays; average diameter 84 m. 

Upper Epidermis . — Cells large, lateral walls thin, slightly sinuous, pitted; cuticle 
granular, peltate hairs moderately numerous, approximately 45 per sq. mm. 

Olea panieulata R.Br. Queensland. 

Ijower Epidermis. -CellB small, lateral walls thin, slightly sinuous, unpitted ; cuticle 
thin and faintly striated. Stomata about 2B0 per sq. mm., unevenly distributed, absent 
from parenchyma covering the venules and around the glands; narrowly elliptical, 
with average diameters of 25 x 17m, and a range In length of 22-“80 m. Large stomata 
average 35 x 23m, and range in length from 88-41 m. Peltate hairs about 83 per sq. mm. 
Scale more or less circular in outline, with an entire margin; divided into 16 cells; 
average diameter 90m. 

Upper Epidermis . — Cells of medium size, lateral walls thin, sinuous, and unpltted. 
Peltate hairs about 13 per sq. mm. 

3. AWKAOK mAMFTm OP m.TATK GLANDS TTN»BR SUm* 

Olea acuminata Wall. India. 

Lov)er Epidermis . — Cells small, lateral walls moderately thick, slightly sipuotiS, 
unpltted; two rows with straight walls arranged radially around each gland; cuticle 
faintly granular. Stomata very numerous, averaging 85(1 per sq, mm.; small, approJti- 



Wt fBA»iX 0. OOOK90K. 


191 


mately circular, the average being 19 x 90 /a, and the range In length 1&-26/A* large 
stomata very sparse, when present, restricted to parMichyma above the veins; elliptical, 
averaging 32 x 24m, ^ith a range in length of 28~86m- Peltate glands infrequent, 
approximately 12 per sq. mm.; head oval, with an entire margin; divided into 8 cells, 
those on either side meeting at a median line; average diameter 86 m- 

tapper Epidermis. — Cells small, lateral walls moderately thick, slightly sinuous, and 
unpltted- Glands very sparsely developed, approximately 8 per sq. mm. 

Olea apetala Vahl. New Zealand. 

Lower Epidermis. — Cells small, lateral walls thick, slightly sinuous, unpltted. 
Cells radially arranged around the bases of the glands and the large stomata. Stomata 
absent from venules and vicinity of glands; approximately circular, averaging 25 x 23m, 
with a range of 22-27m. T-shaped thickening present at junction between guard cells. 
Large stomata, elliptical; average size 35 x 26m, range in length from 34-41m. Peltate 
glands about 11 per sq. mm., head approximately circular, divided into 8 irregular rays; 
average diameter 43m> 

Upper Epidermis. — Cells moderately large, lateral walls thick, slightly sinuous, and 
pitted. Glands approximately 4 per sq. mm. 

Olea capensis Linn. South Africa. 

Lower Epidermis. — Cells of medium size, lateral walls thick, straight, unpltted. 
Stomata approximately 110 per sq. mm., absent from parenchyma covering veins and 
surrounding glands and large stomata; elliptical, averaging 33 x 22m; range of the long 
axis 22-‘87m. Large stomata distinct, averaging 52 x 28m, long axis ranging from 
38~69m. Peltate glands very sparsely developed, approximately 3 per sq. mm. The head 
is divided into 12 rays, and has a slightly wavy margin; the average diameter is 46m- 

Upper Epidermis. — Cells medium, with thick, straight, unpltted walls. Glands very 
sparse, approximately 1 per sq. mm. 

Olea coneolor B. Mey. South Africa. 

Lower Epidermis. — Cells small, lateral walls thick, straight, unpitted, outer wall 
thick, undulant. Stomata evenly distributed, approximately 130 per sq. mm., elliptical 
in shape, averaging 39 x 30m, with a range In length of 26-44m. Large stomata averaging 
60 X 40m, with a range in length of 66“67m. particularly conspicuous near the midrib. 
Peltate glands approximately 83 per sq. mm.; head, 47m in diameter, divided Into about 
16 rays of slightly irregular length. 

Upper Epidermis. — Cells large, lateral walls rather thin, straight, sparsely pitted. 
Glands approximately 13 per sq. mm. 

Olea Ounninahami Hook. New Zealand. 

Lower Epidermis. — Cells small, arranged radially in one row around the bases of 
the glands; lateral walls moderately thick, straight, unpitted. Stomata approximately 
460 per sq. mm., absent from the veins and the vicinity of the glands; elliptical with 
flattened poles, average slse 26 x 22m, with a range in length of 22^83m. Polar Tnahaped 
thickening present. Peltate glands approximately 47 per sq. mm., heads oval, entire, 
each divided by exceedingly thin walls Into 8 rays; average diameter 41m. 

Upper Epidermis. — Cells small, lateral walls moderately thick, straight, pitted; 
cuticle irregularly reticulate. Glands approximately 35 per sq. mm. 

Olea dioica Roxb. Indie. 

Lower Epidermis. — Cells small, lateral walls thin, slightly sinuous, unpitted; cells 
bordering glands more or leas radially arranged; cuticle granular. Stomata, absent 
from the immediate vicinity of glands and large stomata, approximately 330 per aq. mm. 
Blllptlcal to almost circular, average 24 x 20m, with the long axis ranging from 22'"26m; 
T-shaped thickening conspicuous. Large stomata average 32 x 26mp and have a long axis 
ranging from BO-SSm. Peltate glands aproxtmately 39 per sq. mm.; heads elliptical 
to circular, with even margins, each with 8 faintly defined rays; average diameter 26m. 
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Upper Epidermis . — Cells small, lateral wails thin, slightly sinuous, unpltted ; cuticle 
granular; peltate glands average 12 per sq. mm. 

Olea foveolata B. Mey. South Africa. 

Lower JBpi4ermi» .“-Cells medium, lateral walls thin, sinuous, unpltted. Cells 
bordering glands and large stomata radially arranged, with thicker, stralghter walls; 
cuticle faintly granular. Stomata arranged in Irregular lines; approximately 210 per 
sq. mm.; elliptical, averaging 29 x 23 m, with a range in length of 26-33m. I.iarge stomata 
rare, sparsely present on midrib, 37 x 17 m, with a range of the long axis of 37"“41m. 
Peltate glands very infrequent, approximately 2 per sq. mm.; heads oval, 16 celled, 
with an average diameter of 42m. Short broad, thick-walled, sharply pointed hairs, 96m 
In length, are sparsely developed. 

Upper EpidermU . — Cells small, lateral walls thick, somewhat sinuous, pitted. Glands 
and hairs absent. 


Olea lanceolata Hook. f. New Zealand. 

Lower Epidermis . — Cells of medium size, arranged radially around the bases of 
the glands; lateral walls thick, straight, unpitted; outer wall thick. Cuticle finely 
striated. Stomata about 160 per sq. mrn.; elliptical, averaging 40 x 27Mt with the long 
axis ranging from 26-4 8 m. l-*arge stomata not distinguishable. Peltate glands about 
12 per sq. mra., occasionally forming small compact groups; bead circular, divided into 
16 cells; average diameter 48m. 

Upper Epid€r7tii8 . — Cells small, lateral walls thick, straight, and unpltted; cuticle 
thick, undulated strlation conspicuous. Glands very sparse, about 3 per sq. mm. 

Olea maritima Wall. Malaya. 

Lower Epidermu . — Cells of medium size, those around the glands and large stomata 
radially arranged and with straight walls, the remainder with thin, sinuous, unpltted 
lateral walls; cuticle granular to striated. Stomata approximately 290 per sq, mm.; 
absent from the parenchyma covering the veins and in the vicinity of the glands and 
large stomata; elliptical to circular, averaging 24 x 20 m, long axis ranging from 19-30m. 
Large stomata average 33 x 21 m, and vary in length from 30-37 m. Peltate glands about 
43 per sq. mm.; bead loughly circular In outline, divided into 8 slightly unequal cells; 
average diameter 27m. 

Upper Epidermis . — Cells of medium size, lateral walls moderately thick, slightly 
sinuous, unpltted; cuticle faintly granular. Glands average 26 per sq. mm. 

Olea moniana Hook f. New Zealand. 

Imver Epidermis . — Cells of medium size, slightly larger and thicker walled near 
the glands; lateral walls thin, slightly sinuous, unpltted; cuticle irregularly reticulate. 
Stomata about 240 per sq. mm., absent from parenchyma over the veins and in the 
Immediate vicinity of glands and large stomata; elliptical, with flattened poles; average 
size 30 X 26m, range in length 26~33m; T-shaped thickening present. Large stomata 
average 41 x 27 m; length range 37-52 m. Peltate glands sparse, about 6 per sq. mm.; 
head oval to circular, divided into 12 cells; average diameter 46 m. 

Upper Epidermis . — Cells large, lateral walls thin, sinuous, unpitted; cuticle granular 
to striated. Glands about 5 per sq. mm. Unicellular pointed hairs developed on the 
parenchyma over the veins. 


Olea faprtifolia Walt India. 

Lower Epidermis . — Cells small, lateral walla thin, straight, unpltted; outer wall 
thin. Stomata approximately 670 per sq. mm., absent from parenchyma covering the 
veins; elliptical in shape, averaging 23 x 16m, long axis ranging from 19-33m. Peltate 
glands approximately 8 per sq. ram., oval to circular, divided into 8 rays, margin 
entire; average diameter 29 m. 

Upper Epidermis . — Cells small, lateral walls thick, straight and pitted; cuticle 
faintly striated. Glands very sparse — about 1 per sq. mm. 
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Olea polygama Wight. Ceylon. 

Lower Epidermis, — Cells moderately large, with thin, somewhat sinuoue, unpltted 
walls; cuticle striated. Stomata approximately 260 per sq. mm.; elliptical, averaging 
26 X the long axis ranging from 22-30 /a; T-shaped polar thickening present. Large 
stomata prominent, occurring principally over the veins: average size 41 x 29/i, the 
long axis ranging from 37-48^. Peltate glands sparsely developed, approximately 7 per 
eq. mm.; heads circular, often somewhat flattened; usually divided into 8 component 
cells; margin entire; average diameter 46^. 

Upper Cells small, lateral walls moderately thick, straight, unpltted; 

cuticle faintly granular. Glands sparse, 2 per sq. mm. 

Olea rohusta Sweet. India. 

Lower EpUlerniia,— Celle small, arranged radially around the bases of the glands: 
lateral walls moderately thick, straight, unpltted; cuticle faintly striated. Stomata 
approximately 420 per sq. mm., wanting over the venules and near the glands; broadly 
elliptical, averaging 2B x 20/u, with a range In length of 19“30 m. Large stomata average 
34 X 27m and range in length from 33 -37 m. Peltate glands sparse, about 9 per sq. mm.; 
head approximately circular, divided into 8 slightly unequal cells; average diameter 35 m. 

Vppei' Epidermin. — Cells moderately large, lateral wu.lls thin, straight, and pitted. 
Glands very sparse, about 2 per sq. mm. 

Olea siindwiceriHiH A. Gray. Hawaii. 

Lo%vcr EpidermU. — Cells small, radially arranged around the glands; lateral walls 
thick, straight, unpitted; outer wall thick. Stomata approximately 280 per sq. mm., 
absent from parenchyma over veins and Immediately surrounding glands; elliptical, 
averaging 26 x 20Mt the long axis ranging from 19 -30 m. T-shaped thickening faintly 
indicated. Large stomata 36 x 27m, range In length 33 41 m. Peltate glands about 
34 per sq. min.; head roughly circular, divided into 8 rays; average diameter 56 m. 

Upper Epidermis, — Cells small, lateral walls thick, slightly sinuous, unpitted. Glands 
sparse, about 8 per sq. mm. 

Olea verrmoHa Link. South Africa. 

Lower Epidermis,— C bWb small, lateral w’alls thick, straight, unpitted; outer wall 
very thick. Stomata about 220 per sq. mm.; elliptical, average size 35 x 28m, with a 
range In length of 26-50M. Glands approximately 17 per sq. tnm.; heads missing in 
the material available for examination. 

Upper Epidermis. — Colls of medium size, lateral walls thick, straight, unpltted; 
outer wall thick“-26M. Glands 5 per sq. mm. 

Olea vitiensis Seem. Tonga I. 

Lower Epidermis, — Colls of medium size, lateral walls thin, sinuous, unpltted. 
Stomata about 180 pej* sq. mm., unevenly distributed, absent from midrib; elliptical 
to somewhat circular, average size 27 x 20m* with a range in length of 2 6-3 3 m. Large 
stomata not differentiated. Peltate glands about 32 per sq. mm.; head roughly circular, 
divided Into 12 cells: average diameter 48 m. 

Upper Epider^nis. — Cells of medium size; lateral walls moderately thick, slightly 
sinuous, unpitted. Glands very sparse, about 1 per sq. rum. 

Notelaea ligustrtna Vent. Tasmania. 

Lower Epiderjnis, — Cells of medium size, arranged radially around glands and 
large stomata; lateral walls thin, straight, unpitted; cuticle striated. Stomata approxi- 
mately 220 per sq. mm., absent over the veins and the immediate vicinity of glands 
and large stomata; elliptical, average size 32 x 21 m, the long axis ranging from 
26“87 m. Large stomata average 43 x 24m, with a range in length of 41-44M. Peltate 
glands infrequent, approximately 16 per sq. mm.; the head oval with an entire margin, 
irregularly divided into from 8-14 cells; average diameter 63 m. 

Upper Epidermis, — Cells moderately large, lateral walls thick, straight, unpitted; 
cutlcular strlations faint and irregular. Glands average 3 per sq. mm. 
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Notclaea linearis B«nth. New South Wales* 

Lower M!pid€rini$,^Cel}n medium, radially arranged around the bases of the glands; 
lateral walls rather thin, straight, unpUted. Stomata average 250 per sq. mm., absent 
from the parenchyma above the veins and in the immediate vicinity of the glands and 
large stomata; broadly elliptical, averaging 81 x 26 m, with a range of 80-88^. Large 
stomata average 88 x 29m, with a range in length of 37-41m. Peltate glands about 16 
per sq. min., head approximately circular with an entire margin, divided into 12 
Irregular rays; average diameter 38m- 

Upper Bpidermis, — Cells moderately large, with thick, straight, unpltted walls; 
cuticle faintly granular. Glands very few, averaging 3 per sq. mm. 

Notelaea longifolia Vent. Victoria. 

Lower Epidermis.— Cells small, radially arranged around the bases of the glands; 
lateral walls thin, straight, unpitted; cuticle striated. Stomata approximately 810 per 
sq. mm., almost circular, averaging 22 x 21m. and ranging in length from 17-24m; 
T-shaped thickening present. Large stomata average 27 x 26m, and range in length 
from 27*-29m. Peltate glands approximately 22 per sq. mm.; head elliptical to circular, 
divided into 8 unequal cells; average diameter 86m* 

Upper Epidermis^— Cells of medium size, lateral walls thick, straight, unpitted ; 
cuticle striated. Glands approximately 14 per sq. mm. 

Notelaea ovata R.Br. New South Wales. 

Lower Epidermis . — Cells small, those around the hair bases and large stomata 
radially arranged; lateral walls thick, straight, unpitted; outer wall thick. Stomata 
average 450 per sq. mm., absent from parenchyma over venules and immediate vicinity 
of glands; approximately circular, average size 23 x 22m, with a range in length of 
19-27m; T-shaped thickening conspicuous. Large stomata average 34 x 22m, and range in 
length from 31 -^SGm* Peltate glands about 16 per sq. mm.; the head elliptical to circular, 
divided into 8 unequal cells; average diameter 35m. Slightly curved, unicellular hairs 
numerous. 

Upper Epidermis.— Cells of medium size, lateral walls thick, straight and unpltted, 
outer walls thick. Glands very sparse, averaging 4 per sq. mm. Unicellular, slightly 
curved, hairs present. 


Notelaea punctata R.Br. Queensland. 

Lower Epidermis . — Cells small, somewhat radially arranged around the bases of 
the glands; lateral walls thin, straight, unpltted; outer wall thick. Stomata about 
610 per sq. mm., absent from parenchyma over the veins and around the glands. 
Elliptical to circular, from 22 -80m long, averaging 26 x 22m- Large stomata average 
31 >: 20m, and range from 29~34m. Peltate glands about 22 per sq. mm,; head, roughly 
circular with an even margin, divided Into 8 cells; average diameter 29 m- 

Upper Epidermis . — Cells of medium size, lateral walls thin, slightly sinuous, 
unpltted; cuticle granular. Glands about 6 per sq. mm. 

LinocAera Wightii C. B. Clarke. India. 

Lower Epidermis.— Cells small, those surrounding the glands radially arranged; 
lateral walls moderately thick, straight, unpltted; cuticle faintly granular. Stomata 
approximately 320 per sq. mm., absent above venules and in the vicinity of the glands; 
broadly elliptical, with an average size of 24 x 19m and a range in the long axis of 
19-26m. Large stomata not developed. Peltate glands sparse, about 8 per sq. mm.; head 
oval, entire, composed of 8 cells; average diameter 39m. 

Upper Epidermis.— Cells small, lateral walls thick, straight and unpltted. Cuticle 
faintly granular. Glands sparse, about 8 per sq. mm. 

Oamanthus Badula Hutch. New Caledonia. 

Lower Epidermis . — Cells moderately large, radially arranged around the glands; 
cuticle granular. Stomata average 170 per sq. mm., widely spaced: absent from the 
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parenchyma over the veins and around the glands; elliptical, averaging 35 x 28 ai, with 
a range in length ol! 30-37 m. Large stomata range flom 44-67 m in length and have an 
average size ot 61 x 83^. Peltate glands very sparse, about 6 per sQ. mm.; heads roughly 
circular, with an entire margin, divided into 8 irregular rays; average diameter is 40^- 
Unicellular, thick-walled, sharply pointed hairs, abi>ut 80 m long, are scattered evenly 
over the surface. 

Upper SpidermU . — Cells moderately large, with thick, straight, uupitted walls; 
cuticle granular. Glands very few, about 3 per sq. mm. Unicellular hairs sparse. 

Fossil Pollen ok OLf;AcoiD Type. 

Fossil pollen grains that show a close resemblance to grains of some recent members 
of the Oleineae occur in preparations made from ligneous clay at Mary vale, Victor ia. 
Unfortunately this oleacoid type is not restricted to the family Oleaceae and cannot, 
therefore, be used as direct evidence in favour of the suggested oleaceous affinity of the 
fossil Oleinites, However, It is of interest and some significance to find such fossil 
pollen grains in beds deposited during the same period as those containing Oleinites 
WiUisii, For this reason, therefore, it ts recorded here as a new southern sporomorpha 
under the name Tricolporiten sphaerica. 

Tiuoolpokites sphaerica, n. sp. Plate lx, figs. 14, 15, Text-fig. 4. 

Grains trlcolporate, prolate-sphaeroidal to spherical, in equatorial view 26-5-29 m 
long and 26-6-29 m broad; furrows and pores conspicuous. Exine finely reticulate about 
2 m thick, membrane over furrows smooth. 

Locality , — State Electricity Commission Bore 166, 552 feet, Mary vale, Victoria. 

Horizon , — Tertiary ? Oligocene-Miocene. 



Text-fig. 4 . — Trioolporittis sphaerica, x 1,400. 


Acetolysed pollen grains of some Australian species of Oleaceae have been compared 
with TricotporiteB sphaerica. The latter are clearly distinct from grains of Jasminumi, 
which apart from being larger, possess a distinctive beaded reticulum not unlike that 
of Liguutr%m (Erdtman, 1948, Fig. 280). On the other band, Tricolporiten spUaerica 
agrees rather closely as regards size, shape and sculpture with pollen grains of such 
species of OUa as 0. paniculata (Queensland), 0. Cunninghami (New Zealand), 
0. Montana (New Zealand) and 0. europam* In the living types, however, the furrows 
appear to be less sharply defined than in the fossil grains. 

Pollen grains of Notelaea^ e.g., N, Uguatrina and N. microcarpa, although essentially 
similar to Tricolporitea aphaerica, differ in being considerably smaller. 


Diaqnobss of Nkw Obntih and Bfroiss. 

Genus Olrxnztes, n. gen. 

Leaves simple, petlolate, dorsiventral. Outer wall of upper epidermal cells thick, 
firm and highly cutlnlsed; peltate hairs present on both surfaces; stomata of unequal 
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Oleiniteb WiLUsn, n. sp. 

« 

Leaves ablanceolate, tapering to a short petiole, l-Q cm. long; apex retuae; margin 
thick, entire; with the exception of the midrib, quite veinleas on both surfaces. 

Horizon . — Tertiary ? OIlgocene-MIocene. 

Locality . — Open cut, Yallourn, Victoria. 

Named in honour of Mr. J. H. Willis, B.Sc., of the National Herbarium of Victoria, 
who has shown considerable interest In the Identification of this fossil type. 

OlEINITKS CRENm.ATA, U. Sp. 

Leaves broadly elUptic-lanceoIate, narrowing at the base; apex obtuse to subacute, 
apparently retuse; margin crenulate, not conspicuously thickened; rugulose on both 
sides, more conspicuously so above, upper cuticle undulately striated. 

Horizon . — Tertiary ? Ollgocene-Mlocene. 

Lor(2Htt/.--^J\rown coal deposits, Moorlands, South Australia. 

SUMMAKY. 

A new type, Oleinitett, n. gen., is recorded from Tertiary brown coal deposits in 
south-eastern Australia. 

Two Bpecles are distinguished. 

Cuticular features which suggest affinity with the family Oleaceae are discussed. 

Fossil pollen grains of oloacold type are described under the sporomorpha 
Tricolporites sphaerica. 

Cuticles of some recent species of Olea, Notelaea, OHmanthtift and Linociera are 
briefly described. 
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EXPLANATION OF PLATES VIII-X. 

AM the figures are from untouched negatives. C before b specimen number refers to the 
Cookson collection. Duplicate specimens will be deposited in the Department of Oeology, 
British Museum. 


Plat© vlJi. 

Fig. 1, — Sample of brown coal with thickly bedded cuticles of Oleinitcs WiUiaii from Just 
beneath the overburden — open out. Yallourn, Victoria. 6/6 nat. size (Nat. Mus. Viet., No. 14527). 

Figs. 2, 'A. — O. W'iIZwM. Leaf cuticles viewed from above, showing range in size (C.208). 

Fig. 4.— O. TVWiisii. Cuticle viewed from below, showing wide midrib and thickened margin, 
X 2 (C.200a). 

Fig. 5.— O. WiZiisiL Distal region of upper cuticle, viewed from within, showing retuse 
apex and thick margin, x 2 (C.200b). 

Fig, 8 . — Oamanthua Hadula. Apex of leaf from below, x 2. 

Fig. 7. — O. WlIRtriL Portion of an upper cuticle, viewed from within, to show elevations 
in poaitlona of peltate hairs, xlO. 


Plate ix. 

Fig. 8.— O. WUliaii. Upper cuticle. xllO (C.s. 62). 

Fig. 9. — O. WUlisU. Lower cuticle, x 78 (C.s. 63). 

Fig. 10. — O. WillUil Lower cuticle, xIlO (C.s. 63). 

Fig. 11.— O. Williaii, l»arge stoma in region of midrib, xl60 (C.s. 54). 

Fig. 12,— Olea ooncolor. Lower cuticle showing variations In slse of stomata, x X50. 

Fig. T3.— Oleo foveolata. Lower cuticle showing linear arrangement of stomata, x 150, 
Figs. 14, 16. — Ti'icolporitea sphaerica. Pollen grain focused for furrows and sculpture of 
exino, respectively, x 1,400 (C.a 65). 
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Plate X, 

FiK. 16 . — Oleinites crtinulata. Portion of upper cuticle. Moorlands. South Australia. Nat. 
size (C.201). 

Fig. 17. — O. crenxUata. Apex of same specimen, x 4. 

Figs, 18“21. — O. vrenulata. Upper cuticles showing external features, (C.202). 

Fig. 22 . — Olea paniculate. Upper surface of portion of a dried leaf to show fitie, reticulate 
venation, x 2. 

Fig. 23 . — OleinitcH crenulata. Upper cuticle showing three peltate hairs and sinuate out- 
lines of epidermal cells, x 150 (C.s. 48). 

Pig, 24.”-“0. erenaZofa. I 'or t ion of upper cuticle showing peltate hair and undulating 

striations, x 2G0 (C.s. 49). 

Fig. 26.. — O. crenulata. Liow’er cuticle with large and small stomata, xl50 (C.s. 60). 

Pig. 26.-— O. crenulata. Lower cuticle showing deeply sinuate outlines of epidermal cells, 

y 150 (C.B. 61). 




199 


AUSTRALIAN BUPRESTIUAK. DESCRIPTION OF THREE NEW SPECIES OF 

THE GENUS STiaMODBRA. 

By O. Dicrtn ^H’. B.Com. 

(Throe TexLflgures.) 

[Head 2Hlh Mtty, UHTJ 


Of the three Stlgtnoderae described In the present paper, two are from the 
Stanthorpe district, in the highlands of southern Queensland, wherefrom a large number 
of brightly coloured Buprestidae have already been recorded. 

The third is found in the New England district of New South Wales and also in 
southern Queensland, around Milmerran, where, surprisingly, several Western Australian 
species of Buprestidae and Cetoniidue have been taken, the finest being ^tiymoderu 
piXHvoei Saund., which until rei^ently was thought to belong exclusively to Western 
Australia. 


S'l’KiMOUKHA (TUKMtWXATJIA) OKMMha.M, n. Bp, Fig. 1. 

Obloug^oval, Head, pronotum and scutelluin brilliant metallic green with golden 
reflections at sides of pronotum, legs green, anUmnae and tarsi bronzy-greeii. Elytra 
of testaceous with humeral ridges or epaulets and narrow lateral border extending 
from behind the shoulder swelling to the apex brownish and faintly sanguineous. 
Suture and apical teeth blue* green. Elytra of $ testaceous on upper part of disc and 
darker red past middle it) the apex; narrow basal margin, external border and suture 
blue-green, extreme apex slightly lipped with green. Underside mostly shining metallic 




m 


AUBTUALIAN BUPUKHTIUAK: bKHCBlVTiOK OF THRBUC BPtOClKB, 


green or greenish-bronze with the margins of abdominal segments yellow, the apical 
segment almost wholly yellow. 

Head rugosely but Irregulaj’ly punctate, rather strongly pubescent, slight vertical 
furrow, 

Prothorax ($, 10 x 6 mm.; 0 x 5 mm,) lightly convex, apex and b^e blslnuate, 
sides diverging rapidly for about half of their length then almost parallel to the base, 
the dorsal line smoothly indicated at the basal half by a shallow depression, disc finely 
and shallowly punctured, more coarsely and deeply so at sides, especially near the 
posterior angles. Scutellum cordate, impunctate, depressed In centre, 

Klytra (?, 21 x 11 mm.; (J, 19 x 10 ram.) slightly wider than prothorax at base, 
lightly (compressed just past shoulder then feebly widening and gradually narrowing 
to apex. Finely punctate, the punctures arranged in regular lines near the suture but 
very irregulai* near the shoulders and sides. Shoulders rather prominent. Suture 
slightly wider In J, particularly so on lower half. Apex widely truncate, each elytron 
feebly bidentate, the Inner or sutural teeth the longer. 

Underside shining, punctate and sparsely clothed with scattered long silvery hairs. 

Dimensions; 30 x 11 6 mm.; cf, 25 x 10 mm. 

/ffl6i^«f.-“Stanthorpe, southeru Queensland (A. Gemmell). 

Four examples of this handsome and very localized species were examined. X am 
most grateful to Mr. A. Qemmeli for a pair, and it affords me great pleasure to name 
it after this excellent naturalist. 

Holotype ($) and one paratype in CoU. Gemmell. Paratypes c? ^.nd 9 in Coll. 
Deuquet. 

Stiomoukua (Castiakina) litiTicA, n. sp. Fig. 2. 

Elongate, moderately convex. Head, antennae, pronotum, scutellum and legs bright 
bronze-green. Elytra uniformly blood-red except for the sombre bronze colour ot the 
narrow basal margin and of the sutural line, the colour of the latter extending only to 
about 1 mm. from extreme apex, which is very faintly tipped with black. 

Head punctured, lightly furrowed between the eyes. 



BY C. mClTQtTKT. 


201 


Frothorax closely, evenly and deeply punctate; anterior margin nearly straight 
and half the length of the base, sides rounded, base bisinuate. The dorsal line indicated 
at the base by a shallow median depression. Scutellum cordate with scattered irregular 
impreasions. 

Ellytra of almost same width as prothorax at base, sides nearly straight on anterior 
two-thirds, thence narrowing arcuately to apex; sttrface punctured and striated, the 
slightly rounded interstices giving a smooth shiny appearance. Apex of each elytron 
sub-bidentate. Posterior margins finely denticulate. Underside evenly and finely 
punctate, lightly lanuglnose. 

Dimensions; 15 5*6 mm. 

Habitat; Stantborpe, southern Queensland (A. Gemmell). 

This species whose habitat appears to be also strictly limited to the Stantborpe 
district is a close ally^ of S, indUHncta Saiind., from which it differs ( 1 ) by the absence 
of fasciae on its elytra; (2> by the bright colour of its head, pronotum and appendages 
(the pronotum of the (} with its gold reflections being particularly brllUant), while 
these parts are nltld bronxe In S, indistincta; (3) by its narrower width; and (4) by 
its more sharply attenuate form at apex. 

Holotype (? and paratype in Coll. Gemmell. Paratypes c? and J in Coll, Deuauet. 

Stigmoukra (Cahti.<rtna) homilis, n. sp. Fig, 3. 

Ovate, widely oblong. Head, pronotum and scutellum dark bronze; clypeus, 
antennae, legs, taj'si and underside dark blue. Elytra uniformly orange-red, suture black. 

Head finely punctured and fairly deeply furrowed between the eyes. 

Prothorax moderately convex, widest at base; anterior margin almost straight and 
only slightly elevated; sides diverging in a slight curve till past the middle, feeble 
slnuatlon in middle leading to small dorsal fovea situated right above scutellum, the 
latter being only moderately depressed. 

Elytra slightly wider behind shoulders, which are much wider than the base of 
the thorax and also past the middle; sides slightly raised, interstices closely punctate. 
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Ai^x of e;ach olytron with two small spines, the exterior one being slightly more 
prominent. Underside moderately punctate and sparsely clothed with white hairs, 
thickest at prosternum. 

Dimensions: 7 6 x 3'B mm. 

iiabitat; Southeni Queensland and north-western New South Wales. 

This species is not uncommon in the New England district of New South Wales 
and is found also in southern Queensland, and seve^ral specimens were kindly given to 
me rec^ently by Mr. J. Macqueen of Milmerran, Queensland. In general appaaranoe It is 
like S. erythropteru Boisd. and also resembles some examples of haUeata Saund. 
which are occasionally found without sagittate subapical mark; but on closer view it 
can be easily sepai^ted from both. It differs from S. *^ythropt<sra by its lighter colour, 
smaller size, dark suture commencing at acuteUum and extending almost but not 
quite to apex, smoother pronotum devoid of any fovea exc^t the small shallow 
t>asal depression mentioned above, less rugose elytra and complete absence of apical or 
preapical mark. Also, the medial line of the pronotum, which is clearly defined In 
S. erythroptera, is -almost indistinct in S. htimiliH. It differs from S, halteata by the 
redder colour of the elytra, suture commencing at scutellum, lateral margins of elytra 
more raised, and complete absence of apical or preapical mark connected or unconnected 
with suture. 

Type (c^) in the Australian Museum, Sydney. Paratypes in Coll. Macqueen and in 
Coll, Deuquet. One pai'atype forwarded to British Museum of Natural History and 
one to the QueenslaiKf Museum, Brisbane. 





THE CALCIUM CONTENT OF LEGUME ROOT NODULES. 

By H. L. Macleay Bacteriologist to the Society. 

(From the Department of fiacferiolopy. University of l^ydney.) 

rnootl 2Hth May, 11)47.1 


iNTfiODUC’TlON, 

It la well Known that the dry matter of leguminous plants is generally richer In 
calcium than that of non -legumes, and this has sometimes been taken as indicating 
that calcium is of specific importance for the process of symbiotic nitrogen fixation in 
the legumes, as well as for the non-symblotlc fixation by Azotohaeter. Wilson (1940) 
has pointed out, however, that this high calcium content is also found in leguminous 
plants grown with combined nitrogen, a fact which suggests that the general metabolism 
of the legumes requires mure calcium than that of other plants. Most of the available 
analytical figuies refer to the aerial parts (stems and leaves) of legumes; there are 
few data concerning the roots, and the calcium content of the root nodules — the actual 
substrate of the process of nitrogen fixation— seems to have b<^en determined quantita- 
tively only In the more than sixty-year-old analyses of Troschke (1884, quoted by 
Czapek (1920) and Fred et aL (1932) ), w'ho found that the dry matter of roots and 
root nodules of lupins grown in water culture contained 0*46 and 0*76 9^? of calcium,* 
respectively; the pioportlon of calcium in the ash of the two materials was not much 
different. Konishi and Tauge (1936) made spectrograph ic determinations which were 
little more than qualitative, but which in most cases indicate a higher concentration 
of calcium In the nodules than in the roots of various legumes at successive stages 
of growth. 

A number of pot experiments with liicerhe and subterranean clover, of which a 
pTeliminary account has been given elsewhere (Jensen, 1946), yielded several samples 
of top, root and nodule materials which were analysed for calcium in order to find a 
possible clue to the question wliether or not this element performs a specific function 
in the process of symbiotic, nitrogen fixation as well as in A 2 :<>to?)a(;fcr (Burk and 
LIneweuver, 19.31; Horner and Burk, 1934). Materials from a single experiment with 
field peas were also included. 


Expkrtmkivtai.. 

Calcium was determined by SbapteFs method as described by Piper (1942), with 
some minor modifications that weie rendered necessary by the fact that only small 
amounts of nodule-substance, mostly 0-2-0-4 gm., were available for analysis. The 
volume of liquid in which the precipitation of calcium oxalate took place was I'educed 
to about 40 ml., the precipitate was collected and washed by centrifugation Instead Of 
by filtration, and 0-06N potassium permanganate (1 ml. 1 mgm. Ca) was used for 
the titration. In most cases tlieve was not Bufllclent nodule-substance for duplicate 
determinations, but it was found that small known quantities of calcium could be 
recovered with a high degree of accuracy, as shown by the following figures: 


Maui. Ca taken 
„ „ n'ooveml — 

in 

2 0 


10 0 

rt. 

102 

2 05 

4 -DO 

0 05 

b 

I 04 

2'Ofl 

r*'00 

10-15 


Firstly, a set of calcium determinations was mad^ in nodules of subterranean 
clover and roots and nodules of lucerne, grown for 15 and 20 weeks, respectively, in 
acid sand adjusted to four ranges of reaction by addition of increasing amounts of 
calcium carbonate, besides a bttsal fertilizer-mixture containing adequate amouiits of 

• Or calcium oxide? The same figures Ure given by Fred et nl (1922) as "'ralohhU'* and by 
Osapek <1920) as "Kalk*' (j^rernimabiy CaO): Troschke's origlhai paper hah not been avaiiabie 
to the author. 
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calcium as CaSO^. The nodule-tieaue in both uianU Bhowed a high ettcleacy. 

fixing during the whole giowth*perlo(l from 1,900 to 3,600 mgm. nltvogen per gm. dry 
nodule-BubBtance in lucerne, and 720 to 1,200 mgm. tn clover. The reaulte are Been 
in Table 1, which ahowa that in both plants the calcium content of the nodules iB of 
an order sitnilar to that found by Troschke, and that there is no evidence of a clear*cut 
effect of the )*eactlon. The lucerne roots are seen to contain only about one*balf to 
one-third as much calcium as the nodules on the basis of dry matter, but the content 
of calcium in proportion to nitrogen ia approximately the same In both plant organs, 
and actually liigher In roots, at pH 7‘6-7*7. 

Another set of culciuni determinations was made on top, root and nodule material 
of lucerne (“Giant Upright*'), subterranean clover (“Mount Barker'* find “Dwalganup”), 
and field peas. The source of nitrogen was atmospheric nitrogen unlese otherwise 
Btated. The results are seen in Table 2. 

Tablr 1. 

CalHnm CotU^nt of llont. Nodnist of Luetrnf. and SuM^anean Ohver, and of Hoott of Lucerne, ffttnon iw Sand of Biffermt 

ReaHim. 
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70-7-1 

,, .. Anally 

.. 4-IJ-4-6 

4 ■ 7^-4 • 1 

6-9-7'2 

7-6-7'7 






% Ca in nmluleH (dry innttor) 

0 »6 

0-7S* 

0-68 

0-76 

,, ,, „ roofj^ „ M 

0-27 

0 27 

0-24 

0-37 

Ratiio Si Vo In itod«!<»« . . 
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11-4 

0-0 
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0-0 

6-1 
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4-5 

4 a-4 -v» 

6-CMl‘l 

tt’7 

Clovf^r, „ ,, ,, Anally 

4-l~4-3 

4 5^4 7 

fl'2-6-4 

7 '6"7 - 7 

% Oil in iiDduhs (dry matter) 

0-46 

0 ■ .-SB 

0 76 

0-56 

* This Is of doubtful arouracy Iwaiiw' only a 

very »onaH ammmt of mibHfcaiitM* 

was available for analysis. 


Table 2. 

Oalciam Vant^tU and Hath of SUrofton to Catmum in Top», RnoU and Roof- yoiluUof of LeffuminoM Plant* grown in Band 

Vulture, 
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In all thr«^ -plant epecies the calcium content of the nodules appears talrly constant 
and rarely depaits much from 0*5%. In parallel experiments with acid and alkaline 
sand the calcium content is higher at alkaline react! on » but the difference is not very 
marked except in one case (lucerne after 102 days, Analyses Nos. 3 and 5). It is also 
noteworthy that provision of combined nitrogen does not cause any marked reduction 
in the calcium content of the small amount of nodule tissue that develops under these 
conditions. The calcium content of the clover roots Is mostly similar to that of the 
nodules, but in the lucerne roots it is considerably lower (as In Table 1, and as 
found by Troschke in lupins). The pea tops appear somewhat low In calcium, but the 
tops of lucerne and clover show contents of l*2--2-6% calcium, quite similar to figures 
quoted by Wilson (1940), slightly lower at acid reaction but not much Influenced by 
the source of nitrogen. The nodules thus appear quite poor in calcium in comparison 
with the tops, and in proportion to the content of nitrogen the nodules actually 
contain less calcium than the other parts of the growing plant, as shown by the 
N/Ca ratios in Table 2.* 

These results lend no support to the view that calcium is specifically needed for 
the process of symbiotic nitrogen fixation. (Neither can any such evidence be drawn 
from the fact that calcium stimulates nodule formation In soy bean seedlings at 
pH-valiies above 5*0, as shown by Albrecht (1933), since the number of nodules formed 
is not necessarily an Index of the resulting nitrogen fixation ; in this connection it Is 
Interesting to note the recent observation by Anderson and Thomas (1946) that 
molybdenum increases the nltrqgen-flxing activity of the nodule-tissue, while actually 
reducing the number of nodules, a result which the present writer has been able to 
confirm.) It is possible, however, that calcium is needed in the tops and roots for 
other physiological purposes, sqch as neutralisation of organic acids, synthesis of 
asparagin, activation of proteolytic enzymes, etc. (Nightingale, 1987; Wilson, 1940), 
In quantities which outweigh those that might be required for the functioning of the 
nodule-tissue, and this would presumably, like other plant tissues, require certain 
amounts of calcium apart from its possible importance for the specific process of 
nitrogen fixation. If calcium In this respect functions as a “trace element*', even its 
concenti*ation in the nodules appears relatively high. Assuming that fresh nodule- 
substance contains 25% dry matter and has a specific gravity of 1 (actually somewhat 
higher), a content of 0*6% calcium In dry mgttei* corresponds to a concentration of 
0*126 mgm. calciunj per cubic centimetre of nodule-Ussue, or roughly 3 x 10 molar. 
This is considerably more than the quantities required by Azotobacter, in which Burk 
and Lineweaver (1981) found that a supply of 25-60 mgm. calcium per litre, or 
0’6’-l*2 X 10"^ molar, was necessary for normal growth with free nitrogen, while Burk 
and Horner (1934) later found that concentrations of 0*02-0*04 x 10“” molar were 
sufficient for half-optimal rate of fixation (it may be noted, however, that this was 
probably under conditions of partial molybdenum-deflciency). 

Upon the whole it seems that the question of the essentiality of calcium for 
symbiotic nitrogen fixation cannot be finally answered until it becomes possible to 
make the root nodule bacteria fix nitrogen in vUro, 

StTMMAHy, 

Effective root nodules of lucerne, subterranean clover and field peas, grown in 
sand culture, contained from 0*84 to 0*95%; calcium In dry matter, compared with 
0*19 to 0*98%, In the roots and 0*8 to 3*6% in the tops. Although usually higher at 
alkaline reaction, the calcium content of the nodules was mostly not strongly Influenced 
by the reaction of the sand or the supply of combined nitrogen to the plants. The 
nodules contained less calcium In proportion to nitrogen than did either the roots or 

• Tlw Bwwla from vhlcli tho plants srero grown proveU even poorer in oakiuni, hath abHoluUily and in x>roiK)rtioa 
to oitrogen «a ^lown by tho foUowtng analytical ttgnroH ; 



huoorne. 

8ub. Clover. 

Pea. 



(”Owalganuj)”). 


% Oa in dry matter 

0*15 

0-90 

0*14 

Ratio N/Oa.. 

40*7 

«6-5 

22*1 
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the toi)fi^ The i-eRuUs give no evidence that calcium la needed as»e<dflcally tor tho 
proceea of nitrogen fixation, but do not allow any final conclusion In this respect. 
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FOSSIL FUNOJ FROM TERTIARY DEPOSITS IN THE SOUTHERN HEMISPHERE. 

PART L 

Hy Ihaiucl C. Cookmox. D.Sc., Departuioul of Botany. UnivoiRity of Melbourne'. 
{Vownntnivaivtl try />r. W, R. Broicn(\) 

(Plates xLxiv. ) 

i IU*;uI :n)1h .luly. 11M7.1 


Intiuhuh Tiox. 

During the examination of acetiilyseci residues prepared primarily for the purpose 
of ^i'ertiary pollen and spore analyses, detached shiekbshaped fruit-bodies with radial 
structure were observed 7’hey showed a close reseinbiance to the ascomata or 
thyriothecia of the Microthyriaceae. 

Subsequenf examination of mummified leaves of Olr.iriiies WiiUsii Cookson (1947) 
revealed additional closely-related types and gave further Information regarding one of 
the forms inentioiK'd above. 

In this paper the more clearly defined fungi, discovered by these means, will be 
described. The remaining forms, when better understood, will form the subject of a 
second paper. 

A few fossil fungi of suggested microthyriaceoiis al!lniti<»8 have been identified in 
European Tertiary deposits. While the identity of some of these appears to be somewhat 
uncertain, smdi excollenfiy preserved ascomata as those of Phrayniotfiyrites eovaenica 
Edw. from Mull in Scotland (BMwards, 1922) leave no doubt of the existence there of 
the family Mlcrothyriaeoae in early Tertiary times. 

The demonstration, as the result of the present Investigation, of this family in rocks 
of the Southern Hemisphere is therefore not surprising. However, some stratigraphical 
and pulaeoecological significance attaches to this discovery. Of mycological interest is 
the record of two allied families, hitherto unrepresented by fossil species. 

Soi HtK AND Auk ok Fohsii.s. 

The deposits in which the fossil fungi are contained occur in places as witlely 
separated as Kerguelen Archipelago and New Zealaiid. 

For the matei’iul from Kerguelen Archipelago, I am indebted to Sir Douglas 
MawBon, who kindly made available for examination specimens collected there by the 
B.A.N.Z. Antarctic Research Expedition. For samples of coal fiom New Zealand, as 
well an for information concerning them, I wish to thank Mr, W, F. Harris and Mr. 
Martin Te Punga. The Australian localities are, in the main, those discussed in a 
previous paper (Cookson, 1946). In no instance can an exact statement be made 
regarding the age of the beds in question. The generally accepted approximations will 
be given below. 

A " et gu A rvhipelago, 

Kerguelen Island, near Poil Jeanne d’Arc. Carbonaceous sandstone associated with 
lignite. Specimen No. C.250, Late OUgocene (Mawson, 1933). 

Auntralia. 

Yallouru, Victoria. Leaves of OtehHtea WillUH, from State Electricity Commission's 
open cut ? OH gocen e-Miocene. 

HaKelwood, south of Mary vale, Victoria. Leaves of 0. WilHHi, S.E.C. Bore 28 at 
160 feet. Oligocene-Mlocene. 
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Tmralgon, east of Yallourn. Ligneous clay from S.E.C. Bore 23 at 407 to 600 feet. 
OUgocene-Mlocene. 

Sentinel Rock, Aire Coast, Victoria. Post-Mlddle-Miocene (Singleton, 1041, p. 74). 

Klandra (New Chum Hill), New South Wales, Soft lignitic shale, 136 feet below 
base of basalt, Dulhunty collection . coal sample 103. Ollgoceue-Miocene. 

Vegetable Creek, New South Wales. Mudstone. OUgoceiie-Miocene. 

New SCealand. 

Ohai, BIrchwood Mine. Highly cleaved black coal, Geological Survey of New Zealand 
coal sample 243. ? Oligocene. 

Systematic Position i)f Fossils. 

All the fossil fungi to be described below are members of the order Hamlsphaerlales 
Theitts. This order is typified by the dimidiate form of the fruit-body or ascoma as 
well as by the frequency of Its radial construction. 

Three of the six families of the order (Ainsworth and Blsby, 1943) are represented 
in the present collection of types. The majority of these have fiat, superficial ascomata 
with radial structure and fall within the limits of the Mlcrothyrlaceae Sacc. One form, 
on ac(!OUnt of its thalloid nature, is clearly a member of the Trichopeltaceae Theiss. 
Another example with plecteuchymatous structure represents the Mlcropeltaceae 
Clements and Shear. 

Ascospores, the characters of which provide a valuable distinction between the 
Jiving genera of these families, have not been delected either within or in close 
association with the fossil ascomata. Moreover, the treatment to which these bodies 
have been subjected Implies loss of such additional diagnostic characters as the form of 
the asci and presence or absence of paraphyses. Detailed systematic determinations and 
the establishment of close affinity between living and fossil genera are therefore not 
possible, although, in some cases, there may be striking morphological agreement 
between them. The genus Phragmothprites, described by Edwards as having pbragmo- 
septate spores, is, for the same reason, not open for use. 

For convenience in future reference, new genera* based on external morphological 
characters, are here created for the reception of these southern Tertiary fungi. In 
order to minimize their number, generic descriptions are made as broad as possible; 
dlsUnctions, which amongst living species would certainly be considered of generic rank* 
being l egarded as only of a specific value, 

DKscJHiraoNs OF Fossil Flnoi. 

1. Family MicinrniYRiAoKAE Sacc. 

The grouping of the living genera of this family into two sub-families is based 
upon the presence or absence of a mycelium when the ascomata are mature (Stevens 
and Ryan, 1939). Those genera in which the mycelium ts evanescent are placed in the 
sub-family Mlcrothyreae Sacc, and Syd., those in which u free mycelium persists 
constituting the sub-family Asterineae Sacc. and Syd. 

This character is a difficult one to determine when ascomata are unrelated to leaf 
cuticles. In such cases the apparent absence of mycelial hyphae might be a natural 
feature or one due either to faulty preservation or to the mode of treatment of the 
matrix in which the fossils occur. In cutlcular preparations this feature can be relied 
upon with greater confidence, and it is information gained from such material that 
allows the adoption of the following classification. 

Sub-family Micbothysbak. 

Genus Notoihykxtbb, n. gen, 

Ascomata without free mycelium, superficial, rounded, radiate, ostiolate. Ostiole 
prominent, bordered by three to five layers of dark brown, thiok-walled cells. Aseospores 
unknown. 
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NoTOTHviUTtys HKTiFEteuB, u, 8p. Plate xi, flgs. 1-6. 

Ascoxnata flattened •hemispherical with a somewhat sinuous outline, 70~185 m in 
diameter, solitary, composed ot radiating hyphae connected throughout their whole 
length. Celle approximately 4-13/4 long and 4-10/t thick, frequently becoming more 
elongated towards the periphery. Cell walls of the majority of cells thin but the outer 
walls of the peripheral layer fre<iuently strongly thickened to form the firm, entire 
margin of the ascoma (Plate xi, figs. 3, 4). The ostiole Is well defined, distinctly 
elevated and either centrally or slightly excentrlcally placed. It Is 10-16/4 in diameter 
and bordered by three or four layers of dark brown, thick-walled cubical cells. The 
border is cylindrical and some of the cells bear setae, the number approximating to 
eight. The setae are short, about 13/4. non-septate, and their walls are thick and brown 
below, thinning towards lighter, bluntly -pointed apices (Plate xi, fig. 4). 

Type LomlitieH: Kerguelen Island, and Kiandra, New South Wales. 

FYom the Vegetable Creek matrix, as well as from the type localities, ascomata. 
similar in other respects to those regarded as being typical of V. setiferm, have been 
observed which appear to be glabrous. The possibility suggests itself that this condition 
may have resulted from the destruction of setae either during fossllization or the 
chemical treatment to which the ascomata were subjected. This point of view is 
supported by the considerable numerical variability of the setae. It seems highly 
improbable, for example, that the observed range of from one to eight (Plate xi, 
figs. 1-3) is a natural one. For the present, therefore, these doubtful examples will be 
included in N. setiferutt. 

In its typical form A. setiferm strongly resembles the living species VHaeUh 
thyriop.sis panamensiH Stevens and Dorman (Stevens, 1927) from Panama-Darien, 
the border of the ostiole and the development of setae being features common to both. 
The setae of (7. panamenfils, however, are considerably longer and apparently less 
numerous than are those of N. setiferus. 

Notothyritkh AiBENsis, u, sp. Plate xi, fig. 7. 

Ascomata flattened-hemlspherieal, glabrous, 99-160/4 in diameter, composed of 
radiating hyphae united along their whole length, cells thin walled, cubical to 
rectangular, 2’6~6’5 m thick and 3 to 13/4 long. Margin thin, entire. Ostiole well defined, 
8/4 in diameter, surmounting a prominently-raised, dark brown, conical border composed 
of four or five layers of thick-walled cells, the base of which is 29-6/4 in diameter. 

Sentinel Rock beds, Aire Coast, Victoria. 

This description is based on five specimens from the Sentinel Rock beds, the 
characters in which they appear to differ from seiiferuft being evident in all of 
them. The main distinctions are the narrower ostiole, the conical form and degree 
of prominence of Its border and the absence of setae. The finer texture of the ascomal 
membranes becomes evident when the specimen illustrated in Plate xi, figure 7, is 
compared with specimens of N. setiferus shown in Plate xi, figures 3 and 5. 

A small piece of upper epidermis of OleiniteJt WilUsii from Yallourn (C.s. 38) shows 
two ascomata of Notothyriten in situ. These seem closer to N. airensis than to 
N, aetiferus and are therefore provisionally placed in that species. No hyphae accom- 
pany these ascomata, so that the opinion formed from a study of detached examples 
that the mycelium of Notothy riles was evanescent is substan Hated by them. 

Sub-family AsTJCRijfKAE, 

(A). ASCOMATA ROUND. 

Genus AsTKROTHTRrrKB, n. gen. 

Mycelium superficial, persistent. Ascomata round, flat, radiate. Ascospores unknown. 

AeTKBOTHTmnfis smuATUs. n. sp. Plate xli, fig. 8* 

Atnphlgenous; mycelium fine, hyphae brown, non-hyphopodiate, about 2-6/4 thick, 
somewhat flexuoua. Ascomata scattered, brown, astomste, 74-106/4 in diameter, composed 
of rather slender, straight or slightly fiexuous radiating hyphae; central cells small, 
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hexagonal or cubical, peripheral ceils cubical to rectangular thin walled, approximately 
2'6-3'5/i thick and 2‘r)-3'5ju long. Margin of ascoma entire and sinuoiis; dehiscence by 
means of a stellate fissure. 

On leaves of Oleintfr.v WillUii from yallourn and Hazelwood, Victoria. 

Aktekotiiyuiteh hEM( ATiHRiMt'K, 11 . sp. Plate xil, fig. y. 

Amphigenous: inyoelinm fine, brown, non-Uyphopodlate, hyphae about 2m thick. 
Ascomatu scattered, brown, astoniate. GU-IOGm In diameter, composed of thin, straight, 
radiating hyphae joined throughout their whole length. Cells thin walled, rectangular, 
2 0- 2’ 6m thick. Margin delicate, not fimbriate. 

On leaves of Oleinites Wi7n.viT from Yallourn, Victoritr. 

This species is readily distinguished by the fine construction of the ascomata and 
the fact that the marginal and peripheral layers are seldom preset ved. 

Asterothyuiteh MiMcrrH, n. sp. Plate xii, fig, 10. 

Amphigenous; mycelium sparse, brown, non*hyphopodiate, about 2~2*5m thick, 
Ascomata scattered, small, 47 80m in diameter, composed of united hyphae which radiate 
from a single central cubical or hexagonal cell; cells almost cubical to rectangular, 
about 3m thick, rather thick walled; margin thin, not fimbriate. 

On leaves of Oleiniten WilUsii from Yallourn, Victoria. 

In lignitic shale, Klaudra, New South Wales. 

AHTEum’HYKJTEs 0 HTJ 01 .ATU 8 , u, Sp. Plate xii, fig. 11. 

Epiphyllous; mycelium sparse, brown, hyphae about 2* 6 m thick. Ascoma stoma te, 
flattened, 106m in diameter, composed of somewhat lorluous hyphae; cells cubical or 
rectangular, 2 5m thick, thick walled; margin uneven and slightly fimbriate; stoma 
round, 13m in diameter, formed by the breaking down of the central cells. 

On a leaf of Olemites from Yallourn, Victoria. 

The limits of this species are less clearly defined than are those of the three 
preceding species of AsterothyriteH. One reason is the fact that the single specimen 
on which it is based is not perfect, the margin being Incomplete in several places. 
Nevei't lie less, it is clearly distinct from th<? previous types and thus wariants description. 

Several fragments of ostlolate ascomata from Senthiel Rock beds suggest com- 
parison with I be Yallourn species. They ai e recorded us doubtful additional examples 
of A, ONfioldtUH. 


{ n ) . AHI OM ATA niNKAU. 

Genus ElfTHYTHVRlTEH, H. geii. 

* ' Mycelium superficial: uHcomata linear, radiate. Characters of spores unknown. 

Et?THVTnvarrEs oi.einitis. n. sp. Plate xili, figs. 12, 13. 

Amphigenous: ascomata scattered, brown, 226~640 m ^ 90-1 60m, elliptical, forked or 
trirad late with rounded ends, dehiscing by a longitudinal slit along the length of the 
ascoma: cells cubical to rectangulai', 6*0-1 0*5 m long and 2‘5-5*0 m thick, rather thick 
walled. Mycelial hyphae non-hyphopodiate, brown, 3-4 m thick, straight, radiating from 
the marginal cells of the ascoma. 

On leaves of Olvinites TViflisii from Yallourn and Hazelwood, Victoria. 

It Is of interest to note that two living species with linear ascomata and a persistent 
mycelium have been recorded on extra-Australian oleoceous leaves. They are 
Aulographum hetterae Lib. var. oleae Sacc. and LrmhomopHis oleae (Tracy and Earle) 
Theiss; both agree with KuihythyriteH oleinitiH in having a non-hyphopodlate mycelium. 

MI0R0TUYU1A('EAE incertae sedis. 

Genus MKaurrHYRiAoiTEis, n. gen. 

Ascomata radiate and dimidiate. Information regarding the presenoe of a tree 
mycelium either uncertain or wanting; ascosporos unknown. 
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MicuoTHYiuxcmcH KiMniuATrft, n. B)>. Plate xiii, fii^. 17. 

Aeconiata round, flattened, astomate. brown, Bometlmes confluent, 74-1 38 m in 
diameter, composed of hyphae which radiate from a large, thick- walled, hexagonal, 
central cell 8-1 3 m in diameter. The more centrally-placed cells thick walled and almost 
cubical, peripheral cells rectangular, 2-6-6 m thick, with thinner walls. Margin slightly 
fimbriate. 

In 11 gn eons clay, Traralgon Pore 23,500 feet. 

. MicROTiiyaiAct'i K8 uJi.vNias, n. sp. Plate xiv, figs. 20, 21. 

Ascoina large, round, flattened, astomate. 280 m In diameter, composed of stout, 
thick-walled, completely united hyphae which radiate from a central group of hexagonal 
cells. Cells 0*6- 10-0 m thick. 

In coal, Blrchwood Mine, Ohai, New Zealand. 

My object In describing this single imperfectly preserved specimen is to provide 
evidence of the occurrence of the Microthyriaceae in New Zealand during the Tertiary 
period. It Is to be hoped that additional specimens will give the information regarding 
the margin netiessary to complete the specific description. 

The specimen fiom Traraigtm, Victoria. iUustrafod in Plate xiv, fig. 2t, although 
considerably smaller (186 m in diameter), is compared with gnmdu on account of 
its similar construction. Unlike the type specimen, the margin which is thick and 
rion-flmbrlate Is preserved. 

MtCllOTUYlUAt ITKS 8p. PluU* xUi, ftgs. 18, 19. 

Ascomata astomate, flatleued-hemispherical, brown, about 103 ~106 m in diameter, com- 
posed of united radiating hyphae, central cells hexagonal, peripheral cells cubittal to 
rectangular, 6 0“8*6 m thick, thin walled. Margin not fimbriate. 

On under epidermis of OleiniteH WilUsii, Yallouru, Victoria, 

On an unidentifiaifio fragment of cuticle in coal from Birch wood Mine, Ohai, New 
Zealand. 

Tiiese ascomata were found in iiiBufficitmt lUiinbers for specific assignment. It is 
not clear that they rcpieseril mature ascomata, and it is possible that they are 
developmental stages of a large speedes such as M. grandis. In l)oth specimens hyphae 
were observed on the cuticular surface, but their association with the ascomata in 
question is by no means certain. 

2. Family Tinoiiopui/r.YCKAK Theiss. 

Members of this family are distinguished from the MicrothyrIa(^eae by the lateral 
union of mycelial hyphae to form a one-layered, radially-constructed thallus. This may 
be irregularly strap-shaped as in the sub-family Trichopeltineae Theiss. or more or less 
circular in outline as in the sub-family Brefeldlneae Theiss. (Theissen, 1914). 

No fossil representative of the Brefeldineae has hitherto been recorded, nor has this 
type been observed during the present Investigation; but the branched ribbon-like 
thalli typical of the Trichopeltineae occur frequently and in considerable numbers on 
leaves of Oleinitrn Willis it 

As was the case with the fossil Microthyriaceae, the absence r)f information regarding 
ascoBpore characters prevents assignment of this thallold form to any one of the living 
species of the Trichopeltineae. For this reason, in naming it. I propose to combine the 
name of the sub-family with the suffix 

Genus Tbuihopeltinitiw, n. gen. 

ThaUus that of the Trichopeltineae, Ascomata developed as thickened areas of the 
thallus and dehiscing by an Irregular ostlole as in TrichopelfU Theiss. (Stevens, 192B), 
Atoospores unknown, 

TaicHOPKJ/riNiTKs piTuuiKs, n. ap. Plate xlv, figs. 22, 23, 

ThB41uft epiphyUoua, dark brown, from 18-«^60 m in width, frequently narrow-elongate 
with many lohea and some branchea^ oometimea broader and moye leaMike in form. 
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CeUR a-7M broad attd long with straight, firm walls, Ascomata 72*“90 m iti diamater, 
darker brown than thallus, Ojpetiing by an irregular fissure. 

On upper surface of leaves of Oleinites WilUHi from Tailouru and Haselwood, 
Victoria. 

T. pulcher is strikingly similar to TrichopeltU reptana Speg. and undoubtedly 
is closely allied to, if not identical with, that species. 

3. Family MK^Kon&t.TAcKAic Clements and Shear. 

This family is distinguished from the Mlcrothyriaceae and Trlchopeltaceae by the 
nmM'adlate construction of the flattened ascomata. The structure of the asComal 
membrane or "Bcutellum” varies within the family and provides the basis for its sub- 
division into three sub-families (Stevens and Man ter, 1925). Only one of these, namely, 
the Plochmopeltlneae Thelsa, is represented in the present collection. This sub-family 
contains a small number of living species all of which are characterized by the sinuous 
plectenchymic structure of the “scutellum**. 

Genus Ploohmopeltikites, n. gen. 

Fossil ascomata of dimidiate form with ascomal membranes of sinuous plectencbyma. 
Ascospore characters unknown. 

ProcuMopKLTiNiTEH Maboni, 11 . sp. Plate xiil, figs. 14, 15. 

Ascomata superficial rounded, brown, glabrous, ostlolate 105-200/* In diameter with 
an entire, Irregularly sinuate margin. Covering membranes prosenchymatous composed 
of slender, wavy hyphae from 2-5/* thick, those of the central region being, sometimes, 
thicker walled than those of the periphery. Stralghter branches may become free and 
extend beyond the limits of the ascoma. Ostiole 9-26/* In diameter surrounded by a 
dense, slightly-raised border. 

In carbonaceous sandstone, Kerguelen Island. 

On unidentifiable fragments of cuticle in lignitic shale, Kiandra, New South Wales. 

In ligneous clay, Flore 23, at 600 feet Traralgon, Victoria. 

1 have pleasure in naming this species in honour of Mr. El, W. Mason, ,M.A., who 
gave helpful advice concerning its taxonomy, 

CowoLueioN. 

The living members of the families just discussed live 8Ui>erflclally on leaves, and 
some of them may be considered as components of “sooty-mould'' associations, The 
Mlcrothyriaceae are believed to be ecto-parasitlc “sooty-moulds” (Fisher, 1989, p. 401). 
The Trlchopeltaceae, on the other hand, are considered by Fraser (1936) to be “true 
saprophytes living on 'honey dew’ like members of the Capnodiaceae". The mode of 
nutrition of the MIcropeltaceae has not been studied In any detail and these "fly speck" 
fungi have not been identified as endemic components of “sooty-mould" communities. 

Such fungi are most abundant In warm- temperate and tropical zones, but their 
incidence in such areas appears to be due to high humidity rather than to high 
temperatures. Edwards (1922, p. 71) reports Aruaud as having asserted that “asterinoid" 
fungi are confined to parts of the globe with more than one metre of rainfall per 
annum. 

In Australia a few species of Mlcrothyriaceae have been recorded from Queensland 
and Victoria (Cooke, 1899), that is, from tropical and cool-temperate latitudes. Their 
“hosts", however, inhabit either rain-forest areas or moist mountain guUles, as in 
southern Victoria. 

The same applies to the Trlchopeltaceae. Fraser (loc. clt.) has recorded three 
species from rain-forest trees in New South Wales, and Theissen Identified TriehopeUi$ 
reptam on leaves of Drimys lanceolate (Polr.) BatU. (aromuHca F.V.M.) from Tasmania. 
Dr. BUeen Fisher In 1946 observed, but did not recoil, Trichopeltiu^eae on leaiie^ 
^othofague Cunninghami (Hook.) Oerst from fern gUUies near MarysvBlei Victoria, 
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The family Mlcropeltaceae ae a whole has uot been investigated by Australian 
mycologists and its absence from our fungal flora is probably more apparent than real. 
The sub-family Plochmopeltlneae, with which this investigation is concerned, has not 
been recorded for Australia, Its few species are restricted to such tropical regions 
as British Guiana. Hawaii, Ceylon, India and Africa. The fossil genus PlochmopeltiniteH, 
by its occurrence In southern latitudes at Kerguelen Island and in southern Australia, 
indicates a far wider distribution for this sub-family during the Tertiary epoch. 

From experimental data concerning the temperature and moisture requirements of 
certain "sooty-moulds’' (Fisher, loc. cit.), it seems safe to assume that the humidity in 
the regions where these deposits were Hccumulating was at least as great as it is now 
in situations favourable to the growth of such fungi. The occurrence of Microthyriacites 
in New Zealand coals of ai^proxiniately the same age us the deposits In Australia and 
Kerguelen Island suggests that similar climatic conditions prevailed in these widely- 
spaced sub-antarctic regions. 

Temperature does not seem to be a major factor in determining the presence or 
absence ol‘ these species. Nevertheless, the fact that the Plochmopeltineae have not. as 
yet, been found outside the tropics provoUes the thought that the temperature in 
southern latitudes during the Tertiary epoch may have been higher than it is at present. 
The occurrence of several of these species on the leaf referred to as Oleiniten 
WUHftii requires brief mention. This particular leaf has characteristic peltate hairs on 
both surfaces. If these hairs were glandular in character, the so-frequent occurrence 
and often copious growth of fungi on their surfaces might be explained. 

Perfectly preserved developmental stages in ascoma formation have often been 
met with but no attempt has been made, as yet, to relate these to any of the species 
Just dealt with. 

The photographic Illustrations of this paper were prepared by Mr. E. Matthaei, of 
the Faculty Workshop of the University of Melbourne; their cost was generously 
defrayed by the State Electricity Commission of Victoria. 

SUMMABY. 

Eleven new fossil species belonging to the order Hemisphaeriales of the Ascomycetes 
have been described. 

Three families of the order arts represented, namely, the Microthyrlaceae, 
Trichopeltaceae and Mlcropeltaceae. 

These fungi were discovered in Tertiary deposits of Kerguelen Archipelago, 
Australia and New Zealand. 

The palaeoecologlcal significance of this occurrence is discussed. 
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I 'late xi. 

Fig, 1 , N ottjthyrites An iisconui with two HOlne viewed frotn above, Kiatidra, 

New' South Wales, x r>20, 2ti.) 

Fij;, 2. — .V. sctifcrus. Covering nu'inbratie of an asemtia snowing seta. Kiandra, New South 
Wales. X 520. (('.s, 27.) 

Fig, 3.' -A Koliftyua. Aseoina, with setae, folded haek and viewed fj'oni the side. Kerguelen 
Island. X 520. (F.s. 2S.) 

Fig. 4. -A'. HCtAfvnifi. i’urtiori of an nsexjum .showing two setae and thick margin. 
Kerguelen Island, y 520. (F.s. 29.) 

Fig. 5.* “A", setifvvna. Covering membrane of an as<'(mia viewed from beneath. Kerguelen 
Island. X 520. HIh, 30.) 

Fig, 0,' A'. Nvtijrrnti. An aseoma viewed from beneath. Vegetable Creek, New South 

Wales. xr.20. (C.s. 31.) 

Fig. 7. — iV. ufreast.s, An aseoma viewed from above. Sentinel Ro<'k beds. VIeloria. x 520. 
(C.s, 32.) 

Plate xll. 

Fig. 8. — 'Aft(yro(hpvit(‘N Hinuufnn. An a«<.*oma on upper epidermis of OlehiHrs W'Htifdi. 
Valloiirn, VIeloria. x 520. (C.s. 33.) 

Fig, 9. — /1«<e/‘of?tj/rbe.s dcluatinshnmi. An aseoma showing diseonneeted portions of the 
margin, on the upper epid<Tmjs of O. yVilliNii. Yallourn, Vietoria, x 530. <('..»<. 34.) 

Pig. iQ.'--AHterothi/rif('n tniHUtUH. An aseoma on upper epidermis of <h Willisii. yallourn, 
Victoria, x 520. (C.». 35.) 

Fig. 11.- -As/erot/i.F''#P'* ostiolatus. An aseoma on upper epidermis of (). WUHhU. Yallourn, 
Vietoria. x 520. (O.h. 36.) 

Fig. 12.' Enthythyvitva otrinitia. A small aseoma on upper epidermis of O. HVtlb'sd. 
Yallourn, Vietoria. v 175. (<.\h. 37.) 

Fig, 13.— /tf. oli'iitiiia. A large aseoma, showing origin of myeelial hyphae, on upper 

epidermis of (>, Willisii. Yallourn. Victoria, x 170. (C.s. 38.) 

Plate xili. 

Fig, U , — riochmoprUiuitrs Maaoiti. “Sculellum ’’ on fragment of eutlele, liore 23, 497-500 
feet, Traralgon, Vietoria. .- 520. (C.s. 39.) 

Fig. 15. — P. Mosonl PorMon of another aseoma. Kiandra, New^ South Wales. > 520. 
(C.s. 40,) 

Fig, Pi^^Idicrni hyriaciftsa ./ivtbrmtua, A group of aseomata showing eonfluent habit and 
llmbrlate margin. Bore 23, 497-500 feet. Traralgon, Vietoria. x 520, (C.s. 41.) 

Fig. 17. — M. finihrUilua. Another example showing fimbriate margin. Bore 23, 497-500 
feet, Traralgon, Victoria, x 520. (C.s. 42.) 

Fig. 1 8."'iV/icro/^tyrmf;P<\'s Hp. An aseoma on leaf of (), WdltofC Yallourn, Vietoria. x 520. 
((\s. 43.) 

Fig. 19.- C.f. A/(e?’of7ipriari(fl» sp. An aseoma on fragment of cuticle. C.S. 343, Birehwood 
Mine, Chal. New' Zealand, x 520. (C.s. 44.) 

Plate xiv. 

Fig. HK- Mirrolhyriacitca yrnndia. An aseoma. C.S. 243, Hlnhwood Mine, Ohal, New 
Zealand, x 260. (C.«. 45.) 

Fig. 21. — C.f. Microthyriavitea grmidia. An aseoma. Bore 23, 4 99-5(10 feet, Traralgon, 
Victoria, X 260. (C.s, 46.) 

Fig. 22.- 3Vio/io;adtiuBc« pnUdu r. Thallus on upper epidermis of 0, WilUaB^ TaUourn, 
Victoria. X 260. (C.s. 4 7.) 

Fig. 23. — 71. pn/c/ic?'. Branched thallus showing an aseoma. x 260, (C.a., 37,) 
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STUDIES ON THE ECONOMIC BIOLOGY OF THE SAND WHITING 
iSlLLAGO ClUATA C, & V.).* 

By K. W. Clfxand. 

{From the Department of Anaiom^f, University of Sydney,) 

(Four Text-figures.) 
ritoad 28th May, 1U47.] 


I. I NTKOn ACTION. 

Tho term "whiting” is a vernacular title and refers, in Australian waters, to the 
teleostean family Sillaginidae* The sand whiting of New South Wales and Queensland 
is the species Sillago ciliata (Cuvier and Valenciennes, 1829). 

The Australian whitings comprise some four species of economic importance and 
are distributed along the east and south coasts of the continent. The species involved 
are: the sand whiting {Sillago viliata C, & V.), the bass whiting {8. hassensis C. & V.), 
the trumpeter whiting {S. maculata Q. & G.), and the spotted whiting {Sillagifwdes 
punctatus (C. & V.) Gill). 

With the exception of the South Australian spotted whiling fishery, the whiting 
fisheries are of only minor economic importance, as Table 2 indicates. 

The present paper is a technological discussion of tiie sand whiting flshery» and 
while incomplete, it is felt that it provides the basis for a rational control of the fishery. 

Several abbreviations have been employed: 

L.C.F. denotes length from the tip of the snout to tho caudal fork, a measurement 
accurately and easily made. All lengths, unless otherwise stated, are L.C.F. 's. For 
conversion of L.C.F. to total lengths Table I is uppendod. 

S.E. denotes standard error. 

S.D. denotes standard deviation. 

C.V. denotes coefficient of variation. 

Sample Mean is the mean of the means of Individual samples. 

Single Sample denotes the characteristics of a sample of fish collected at one point 
In space and time. 

LI, 2, 3, etc., represent the Intermediate lengths as calculated from the rings on 
the scales. 

The work embodied in this paper was carried out during 1942-44. 


TABtK I. 

Cfmvergim of L.C. F. to Total Leni/ih*. 


hengUi to caudal fork 

To find tile fijtel length, add x mm. to 

160 

170 

190 

210 

230 

250 

270 

SOU 

LC.F 

10 

a 

L2 

14 

\b 

10 

18 

lU 


Unless otherwise stated, all conclusions, figures and tables refer to both Queensland 
and New South Wales populations, 

•Contribution No. B6 from the Marine Biological Laboratory. CronuUa. N.SW. 
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TAfitX Z. 

WhUinff Catchu ^ Vorioiii 8tat«$. 




«. Auat.* 

Qld.t 

N.S.W.t 

VIct.** 

WelRht, Ib./year 


2,100,000 

448,000 

438,000 

160,000 

Far cent, totol emshore fish 


60 

9-6 

2 7 

6-5 

Per cent, Australian whiting 


67 

14 

14 

5 

Approx, annual value 


YIWMKH) 

£25.000 

£25.000 

£0,000 

Mahi apectiea 


S. punvt. 

,8. HI. 

;Sf. cU. 

B. ba*9. 

Period 


1936-42 

1986-42 

1038-42 

1911-41 


C.V. of oatcb HUtUtlRs. between yeare, is about 16%, 

• Soiiti) Au^tnilia. Department of FisheHe# aiifl Oaliie, ReiiortM, 
tQueenslanfi FiaJi Boartl, Annual Reporta, 1 et aeq, 

$ Manimerlpt Reports by the New South Wales Fisheries Iltqmriment field Inspectors, 1 038-1 »44. 

••Manuscript records of tt4h arrJvinu: at Melboumo Markets, 19)1-1044. 

II. Taxonomy. 

OenuH Hilt^go Cuvier. 

Sillaffo ('uvicr 1817, h'ep. AmIw., 2, p. 258; SWninaon 1839, Sat, Htaf Anim., 2, p. 205; 
Gilt 1861. Proa, Acad. Sat. Sci. Philad., p. 504; Boulenjrer 1910, Ann. Nat, Hist., 8, p. 269. 

Sini*Aoo muATA Cuxder anrl Valetirtennea. 

Cuvier atid VaU-nciennea 1829, Nat, Hist. Poi$$.. 2, p, 416; Gunther 1860, Vat. Fiah. Hrii, 
Mus., 2, p. 245; Gill 1861. Proc. Avail. Nut. Sci. Philad., p. 504; Jonan 1861, «Soo. Vhvrbonrff. 
Hfttm.. 8. p. 272; Steindachner 1866, ffite. Acad. Wiaa. Wien., 58. p, 443; Knet* 1869, Keiae. 
Naitaea, FUchc^ p. 127; Caatlenftu 1872, Proa. Zoot. Hue. Vtot,. 2, p. 118; 1876, Oj!T. Pea. Philad, 
Exhih., p. 16; 1876, Rea. Fiah Auat., p. 16; AUeyna and Macteay J877, Paoo. Linn, Soo. 
N.S.W., 1, p. 279; Klunainger 1879, 8its. Avad. TFIaw. Wi«n,, 80, p. 369; Schmola 1879, Cat. 
Mu 8. Oodejlfroy, 7, p. 44; Gunther 1880, Chcill. Exp. Jiepe., 1, p, 42; Maeleay 1881, Proc. Linn. 
Soc. N.S.W., 5, p. 567; 1881. Deao. Oat. Auaf. Fish., 1, p. 42; WoodR 1882, Fisk. N.8.W,, p. 66; 
Pohl 1884, Cat. Mu». Oodeffroy, 9, p. 32; ORllby 1886, Cat Fiah, N,S,W., p. 81; Kant 1889, 
J^^ood Fiah. Qld.. p. 11 ; McCoy 1889, Prod, Zool. Viat, 8, p. 299; Cohen 1892. Mar, Fiah and 
Fiaheriea, N.H.W., p. 16; Kent 1893, Gt. Barrier Raaf, p. 293; Ogllby 1893, Fiah. N.B.W., p. 63; 
Waite 1901, Rac. Auat. Mua., 4, p. 47; 1904, Mam. N,H,W. Nut. Club, 2, p. 31; Jordan and 
Seale 1906, Bull. V,H. Bur. Fiah., 25, p. 277; Stead 1906, Fiah Aunt., p. 109; 1908, Fiah. N.B.W.. 
p. 63; McCulloch 1911, Endeatiour Zool. Rea.. 1. p. 62; Roughley 1916, Fiah Auat., p. 90; 
Ogllby 1920, Comm. Fiah. Fiaker. Qld.; McClilloeh 1927, Fiah. iV.B.W., p. 60; Fowler 1928, 
Mem. Biahop Mua,. 10, p. 285; Weber and De Beaufort 1931, Fiah. Indo-Auat. Arohip., 6, p. 178 ; 
Fowler 1933. Bull V.S. Nat. Mua,. 100 (12), p. 428. SlbiAOO dliiATA »iAi>oi: Whitley 1932, 
fjec. Mua., IS, p. 344. Stplaoo bashbnhis: Caatlenau 1879, PhoC. LinN. Soc. N.S.W,, 8, p. 381 ; 

Macleuy isfii, Ibid., 6, p, 667; Kent 1898. OL BarHor Reef. p. 291; Tosh 1903, Proc, Roy. Soa. 
Qld.. 17, p. 175. Siu^oo piAiKU : Tholliere 1856, Ann. Boo. Imp. Apric. ffiat Nat. hyana^ 8, p, 351 : 
Tholliere 1857, Fauna Woodlark, p. 151. Hiu.aoo oracilih : Whitley 1932, Gt Barrier Reef Exp. 
4, No. 9. Su.i^AOo tNKi;z.ARiH; Castlenaii 187.3, Proc. Zool Hoc. Viet., 2, p. 11.3. SltLAOo TBRitAX- 
rkoinam; Castlenau 1873, 1 »moc. Ltnn. Soc. N.S.W,, 2, p. 232. 

No attempt will be made here to give a full taxonomic description of the fish, but, 
for rapid identification in the field, the following simple key has been constructed. 


1. Spot at base of pectoral fin. 

.1 Slight longitudinal lateral band eiUofa (0, & V.) 

.2 Pronounced band maculala (Q. & G.) 

2. No spot at base of pectoral fin, 

.1 Body with rusty red blotches (C. & V.) 

.2 Body Without rusty red WotChes, 

.21 Anal fin with 20 spines and rays robuata (Stead) 

.22 Anal fin with 24 spines and rays aihama (Forskal) 


These are the only whitings likely to be found on the east coast of Australia. 

in. The Fishkrt. 

1. General 

The sand whiting is a typical onshore fish occurring In the estuaries, bays, lakes 
and surf of the east coast of Australia. The normal habitat appears t:o be the sand 
flats# and to a lesser extent the mud fiats, In water of up to three fathoms deep* Usinit 
the catch statistics of New South Wales# and expressing the whiting oateh as a 
peroentage of the total fish (less the traveUlng mullet) caught at the vhHOUS sthtlonis* 
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no difference could be demonstrated In the productivity of bays and lakes as compared 
with estuaries. The fish appears to congregate about the mouths of estuaries, but 
may be found for a considerable distance upstream* 

2. Distribution. 

The distribution of fish along the coast of New South Wales was analysed by 
dividing the coast into ten areas, corresponding to the latitude parallels; these data 
are summarized in Table 3. Row A shows the percentage which the whiting taken 
In the area is of the State total whiting landings; row B shows the percentage which 
the whiting landing makes of the total fish, less travelling mullet, landed in the area, 
and thxis the proportion which the whiting makes of the fish indigenous to the area. 

Tablk a. 
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After this paper was written, statistics became available showing that three- 
quarters of the Queensland whiting catch comes from the three stations Gympie, 
Maryborough and Wynnum. 


3. Fishing Methods. 

A. Methods using Mesh Nets. 

(I) . Working from Mud or Band FUit . — One fisherman holding one end of the net 
is landed on the flat, or in shallow water near the flat, while the other rows in an 
approximate circle and casts the net. The first man, carrying his end of the net with 
him, rejoins the boat. One of the ends is fixed to a rowlock and the net drawn in 
from the other end. One of the men beats the bottom with an oar to scare the fish, 
and thus cause them to enmesh themselves. 

(II) .' Wor/clnp Bm Anohor . — One end of the net Is fastened to a basket which 
acts as an anchor. The method, in effect, dispenses with the first fisherman in method 
(i), but is otherwise the same. It is used In deeper water. 

(lii). Using Tide in Bhallow Water . — At high tide a stake is driven into the flat, 
and one end of the net tied to it; the net is then cast and the other end tied to the 
same stake. The net may be supported by stakes driven in along its circumference. 
Apparently wire netting Is sometimes used in place of the net. When the tide goes 
down, the fish are collected from the meshes of the net or from the flat Itself. 

(Iv). Using Two Boats . — In order to reduce the loss of fish due to disturbance of 
the water while casting, the net may be loaded equally on two boats, both of which 
cast. This reduces the casting time by half, and causes less disturbance of the water. 
Otherwise the method is similar to (i). 

B. Methods using Hauling Nets. 

Because they are necessarily of larger mesh, hauling nets are not really adapted 
for the capture of a fish of this shape; however, a considerable part of the landings Is 
said to be made by this method. Kesteven (1942) has given a full account of the 
hauling nets and their methods of use. 

The meth nets of New South Wales must, by law, be not smaller than 2ft'' in mesh, 
exoapt in the Clarenoa River, where mesh nets of gft" are allowed, and in Port Stephens, 
ftrharf nets must not be smaller than 1ft'' in mesh. The nets may be up to ftO fathoms 
long. 

The boats used are the usual on*shore fishing boat, about IS feat long. The value 
of the net is £10-20* and the boat about £00. 
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4. Seastons of Fiv/tini;. 

The monthly landings in New South Wales show a maximum in summer and a 
minimum in winter, while in Queensland the maximum catches are made in late 
winter and early spring, as Table 4 Indicates. The figures were arrived at by assuming 
an equal monthly catch and expressing the actual catch In each month as a percentage 
of this theoretical catch, thus making 100% equivalent to approximately 37,000 lb. of 
fish. The coefficient of variation of these data is approximately 15%. The cycle Is 
thought to be due to increased gregariousness during the reproductive season. 

Tajslh 4. 
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5. Marketing. 

Marketing arrangements appear to be satisfactory, less than 0-5% of all fish being 
condemned in Sydney markets, and whiting does not make a disproportionate part of 
these. 


6. Existing Control. 

Methods used in the control of the fishery are: 

(1). Fixation of the minimum legal length at Si'' in New South Wales and 9" In 
Queensland. 

(ii) . Fixation of net mesh as described above. 

(iii) . General method of closing certain waters to all or certain types of fisliing. 

IV. BlOLtXiY. 

1 . 

As far as can be seen at present there is no conclusive evidence of raclation in 
these stocks. Whitley (1932) has granted to the Queensland specimens the rank of 
subspecies, but there appears to be no evidence to support this split, nor does Whitley 
appear to give any valid reason for making it. 

The following characters were Investigated on small samples of fish from each State. 

A. Morphological, 

(i). Fin Ray Counts . — No significant difference was found in the counts of the two 
diagnostic fins — the soft dorsal and the anal. The range was 17-19 rays and spines. 

(il). Vertehrae . — Twenty skeletons only were investigated. No difference was 
detected in these small numbers, counts of 38 -34 being obtained. However, the numbers 
are too small to permit of a dogmatic statement, 

(lii), Seales . — The scale count was made along the lateral line to the base of the 
caudal peduncle. The range 62-70 was found, but there was no significant difference 
between the two series. 

It is doubtful if a difference in these characters could be called genetic as, according 
to recent work of Gabriel (1944), environment has a considerable effect. 

(iv) . Body Proportions . — Ten measurements were made on each fish, including 
length, breadth and height, but no significant differences were detected In the regression 
coefficients or the characteristics of Huxley's heterauxesis equation. 

B, Physiological 

(1). Spawning Time . — There is a difference of three mouths in the spawning times 
of the Queensland and New South Wales fish. Whether or not this may be Interpreted 
as evidence of physiological raclation depends On the physiology of the induction of 
spawning in this fish. 

The Induction of maturation and spawning In animals Is thought to be governed by 
two main factors: 
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(1) . Temperature, both as critical temperature and temperature change, which 
appears to be the factor in invertebrates and in some of the lower vertebrates. See 
Bullough (1939) and Moore (1942) for literature. 

(2) , Fhotoperlodism is the governing factor in most mammals, and it has been 
shown to be a factor in some fish. See Bullough (1939) and Marshall (1942) for 
literature. 

The question now arises: can the difference of three months in the spawning 
time of the Queensland and Now South Wales fish be shown to be due to either of 
these factors? 

With regard to temperature, an inspection of the available surface Isotherms of the 
two main fishing centres shows that a difference of 5“ exists. This may or may not be 
sufficient to account for the observed difference in spawning time. If, Indeed, temperature 
Is the governing factor, the difference, by analogy with other cases investigated, may 
be sufficient. 

When one plots the values for mean civil daylight for latitudes S. 26 and 32i 
(Nautical Almanac) and compares the graphs planlmetrically, the periods (w) from the 
end of spawning to the beginning of discernible maturation and (h) from the beginning 
of maturation to the spawning act show considerable differences in total daylight 
hours in the two States. Indeed similar calendar periods agree more closely than the 
biological periods delimited above, as Table 6 shows. The figures refer to planlmetric 
figures only. 


T,\iaK 5. 
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A further complication was Indicated by Bullough 's (1939) work on the minnow. 
He showed that there was a critical temperature for the operation of the photoperiodic 
response, and this may explain the above unexpected results, 

(il). Growth Hate,s . — As Table 6 indicates, no significant difference between the 
growth rates of samples from the two States was found. The apparent significant 
difference In L2 is explained later. 


Takik 6. 
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It is difficult to give a satisfactory explanation of this equivalence. Knowledge of 
the effect of temperature on the growth of animals is still In an unsatisfactory state, 
but the records available indicate considerable complexity of the response. 

The general finding that higher temperatures give smaller adults Is not borne 
out here, neither does the acceleration of growth rate per ae appear. See Belehradek 
(1936) and Fox (1939) for literature. 

Two hypotheses are capable of explaining these data: («) That the Fox effect is 
operating here, and that adaptation to higher temperatures has occurred. This would 
be no argument against homogeneity of stocks, (h) That there is a genetic adaptation 
to higher temperatures and that the similarity is an indication of some degree of 
raciation of the stocks. 

(Hi). Fonderol Index . — A difference approaching significance was found In the two 
sets of data, hut the Queensland samples consisted of only 100 fish. The values of 
k(xl0*) of the equation W = kL'* were: Queensland 354 (S.E. 21), New South Wales 
390 (S.E. 2^9). 
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While the possibility exists that radlati<m of a subtle kind may be present in the 
stocks* there Is certainly no evidence for Whitley's subspeclatlon. For the purposes of 
the economic biology of the fish It has been concluded that the populations of New 
South Wales and Queensland may be considered to be from the same stock, 

2. Food. 

The smaJl number of stomach contents examined showed only annelids and 
crustaceans. This* however, is in accord with fishermen’s reports and the records ot 
the earlier investigators. Tosh (1903) records much the same dietary for the 
Queensland fish. 

3. Reproduction, 

(Ij. Gonad Maturation . — In New South Wales, the fish begins to mature eggs for 
the next year's spawning in August-September. Most fish examined in September have 
pigmented ovaries and enlarging testes. The testes provide the most accurate Index of 
the onset of maturation — they change from black, threadlike, to elongated, greyish, 
triangular bodies. 

An attempt was made to follow this maturation by an arbitrary scale of gonad 
stages, but it was discarded as not being sufficiently accurate in the author’s hands. 

(ii). Breeding Vernon.- ~^\oco only five running ripe fish were taken during 
the present Investigation, it Is difficult to give accurate limits to the breeding season 
from direct sources. 

A consideration of all data, both direct and indirect, led to the conclusion that the 
middle of the breeding season for the New South Wales populations was In January, 
with a total range of four months. 

It is possible that the fish has two main spawnings in the year. One is led to this 
conclusion by the frequent trimodality of the ova-diameter frequency diagram — the 
modes representing: (a) immature non-maturing stock ova, (6) eggs ot the second 
spawning, and (c) eggs of the first spawning. Furthermore, in large samples of first- 
year fish, the length frequency diagram often shows two modes. If true, the second 
spawning would follow closely on the first. 

In Queensland, however, the mid-spawning time tails in September, with about the 
same range as the New South Wales season. 

(lii). Length at Sexual Maturity, —The two-year-old fish definitely mature eggs and 
spawn, but the sexual maturity of the one-year-old fish Is difficult to assess. The 
enquiry resolves itself into two aspects, (a) whether any eggs are matured and (b) 
whether any eggs matured are spawned and fertile. 

Three types of ovary have been found in this first-year group: 

(i>. Glassy ovaries which show no sign of maturing eggs. 

(ii). Pigmented ovaries with a few histologically normal eggs. 

(ill). Pigmented ovaries showing usual numbers of histologically normal eggs. 

Conditions (i) and (ii) greatly predominate. 

The question ot whether such eggs as are present are effectively spawned Is more 
difficult to answer: they may be reabsorbed in the ovary, they may be spawned and 
Infertile, or they may be completely fertile. By analogy with other cases of neotenlc 
sexuality and adolescent sterility, the fish have been classified as adolescent and their 
(ion tri button to the reproductive potential of the stocks is considered negligible. Even 
if this group were completely fertile and all normally fecund, assuming a constant 
relation between gonad weight and body weight, twice the number would be required 
to give a reproductive potential equal to that of two-year fish. This is important in 
considering control measures. 

The second-year group is certainly mature and this puts the length (L.C.F.) at 
first maturity at about 260 mm. 

(Iv). Spawning Place . — It seems likely that spawning takes place either In the 
months of the rivers, etc., or more probably, In the open sea. This opinion is based 
on the following evidence: (i). Reports from various sources, official and otherwise. 
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tbat In breeding eeaeon large sebools have been eeen in tbe mouths at rivers making 
ter the open sea. (11), The oocaeional capture ot whiting both by line and net on the 
ocean beaches in the neighbourhood ot the natural habitat ot the fish, and the visual 
Identification of schools in the open sea. (iii). The infrequent appearance of ripe fish 
in the market catches. While this may be due to the very rapid terminal ripenlxig of 
the eggs, it seems more likely to be due to the migration of the ripe fish from the 
fishing zone. (Iv). The evidence brought forward in the previous section for the lack 
of clear-cut raciation Implies some degree of genetic mixing, which could be accounted 
for by the larval and post-larval mixing which would occur with sea breeding. 

(V). Larval and J^ost-Larval Life , — Tosh (1003) has described the egg, larva and 
embryo of this fish. The eggs are pelagic, and larval development takes one day at 
36® C. After seven days at 22'~23®C. the development of the gut is completed. According 
to the reports of New South Wales fishermen, schools of young whiting ai’e seen along 
the aliorellue in February and March. The post-larvae then migrate into deeper water 
and by June are no longer to^e seen around the shoreline. Assuming that the eggs 
are subjected to the action of the Notonectlaii current, the times for development 
recorded by Tosh are adequate to give larval mixing over most of the coastline. 

(vi), Sea: Ratio , — The sex ratio differs significantly trom the expected 60:60 ratio, 
being found to be 47-5 males to 52-5 females. 

4. Migrationa, 

Fishermen seem to be in favour of the hypothesis that the fish migrate, but although 
the catch statistics at first seemed likely to give some information, no objective evidence 
on this problem was found. 


5. Ponder al Index, 

The relation between length and weight is adequately expressed by the equation 
W - kL'. Weights were recorded in ounces and lengths In centimetres because of 
limitation of apparatus. 

The characteristics of k(:»<10'*) are indicated in Table 7. Dannevig (1903) has 
recorded data which agree fairly well with the present findings. 

Taw,k 7. 
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6, Age Determination and Rate of Qroivth. 

(i). The Scale . — Cockerell (1916) has briefly described the scale of the sand whiting, 
hut the following short description is included to Indicate the method of scale reading. 

The scale is approximately rectangular, but has Urn anterior ctenoid edge curved. 
Six to eight radii extend fanwise from tbe nucleus to the posterior edge and are 
roughly equally spaced. For purposes of description the scale may be divided into four 
triangles — two right-angled dorsal and ventral triangles (hereafter called lateral), ons 
median isosceles triangle with the posterior edge as Its base, and one small anterior 
isosceles triangle containing the ctenoid patch. 

The nucleus Is just above the midpoint of the base of the anterior triangle and is 
delimited by one or more circular circull, and surrounded by more or less concentric 
subclreles, until these are transected by tbe radii. For the purposes ot scale reading, 
the centre of the inner circle is taken as the growth origin. 

The circuit of the median triangle are closely packed and transected by the radii, 
while the clrouli ot the lateral triangles are much less densely packed, communicating 
with about one in three of the median circuli. Changes in direction of these lateral 
oircuU are here considered to be homologous with the ring of cycloid scales. The 
change is generally obvious and begins near the base of the lateral triangle, where two 
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contiguous groups of circuli are seen to be at an angle to one another. As the apex 
of tbe lateral triangle is approached, the angle between the two groups Is no longer 
visible. When the first circulus of the new direction group is followed round to the 
median triangle and the circuli of this region examined, one may find (a) no differentia* 
tlon, (b) a bunching of the circuit of the region, as in the classical ring, or (c) 
granulation or branching of the circuli. In most cases some evidence of the change may 
be found in the corresponding area of the median triangle, and no difficulty was 
experienced in tracing the break around to the antero-posterior scale axis. 

. Scales for age determination wore collected from just behind the posterior extremity 
of the pectoral fln; this region was found to give scales with the greatest ring 
definition. The scale was projected by the apparatus described by Kesteven and 
Proctor (1942). The first circulus of the new direction group was followed round to 
the antero-posterior projection axis, and the intermediate lengths read by the methods 
described by these authors. ^ 

(a). AhnormalitieH . — Abnormalities were fairly common, the following being found: 

(1). Granulation of the nucleus. This was noticed especially in fish of over 300 mm. 
in length. Generally one ungranulated scale In the sample from the fish was found 
(about a dozen scales from each fish were taken), but if none could be found the 
position of the nucleus was estimated. 

(li). Absence of rings. This was a common abnormality. Usually only one was 
absent, and those present were in the usual positions and were recorded. Absence of 
all rings was a common feature of scales collected from positions other than the one 
recommended. 

(iii). Reduplication of rings. This was a rare abnormality. When present, the scale 
was discarded. 

(Iv). Presence of ring in only one lateral triangle. A reading was nevertheless made 
since it was proved that the reading so obtained was compatible with readings of 
normal scales from the fish. 

(v). Atypical break morphology. Considerable difficulty was experienced in reading 
the scales of fish more than three years old, because the breaks became atypical. The 
method is suitable only for fish of loss than four years 

(ft). Validiti^ of Inii!:rm.ediaie Lengths read from locales . — The validity of the scale 
method has been shown by a large number of authors, and it Is probably reasonable 
to assume that the method la valid in every case. However, it is desirable to give 
verification in special cases, especially of tropical and sub-tropical fish. In this 
Investigation the following methods were used: 

A. Establishing Precision. 

(1). Reproducibility in individual fish. Successive sfiales from the selected area 
were read, and the calculated intermediate lengths were found to agree. The coefficient 
of variation was 2-85%. 

(li). Reproducibility In single samples of fish. When a single sample of fish was 
examined the calculated intermediate lengths were found to agree within themselves 
and to be groupable on a normal frequency curve. The calculated intermediate length 
for one-year fish could sometimes be shown to follow a bUnodal frequency distribution, 
a result of the twice a year spawning. The coefficient of variation declines from 13% 
in the first year to 6% in the second. 

(iil). Repr(rducibillty between samples of fish. There is good agreement between 
mean calculated intermediate lengths of samples after the first year. The coefficient 
of variation declines from 6% in the first year to 2% In the second. 

B. aftfishinp Aceuraep. 

(i). Agreement with length -frequency data. The length-frequency diagrams of 
samples taken in the season when the ring is laid down correspond to the frequency 
curves of the calculated intermediate lengths. This is shown in the arithmetic seasonal 
growth curve (Fig. 2). 
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(il). Agreement from year to year. Scales taken over a period of four years give 
substantially the same calculated intermediate lengths, and there appears to be no 
appreciable change of growth rate from year to year. For example, the growth of the 
fish spawned in 1940 and 1941. as calculated from the scales, -was 161 and 15S mm., 
respectively. The pooled S.E. was 2*45 and the difference was not significant. The 
figures for these two years represent the greater part of the scale reading data. 

(iii). Agreement with mathematical theory. The data obtained fall on a smooth 
curve, and when plotted semi-Iogarithmlcally, all points but the first and second fall on 
a straight line. The reason for the ectopy of the first two points will be discussed later. 

(c). Time of Ring Formation . — The age in months was calculated by determining 
the month in which the rings were laid down. This was done by plotting the percentage 
of rings laid down in the various months. Considerable difficulty was experienced In 
diagnosing a newly laid down ring and consequently the middle part of the curve 
had to be interpolated rather subjectively. This led to the hypothesis that by October, 
60% of the rings had been laid down. Nothing has since been found to invalidate 
this hypothesis. 

Thus the age in months corresponding to the consecutive rings is 10, 22, 34, 46, etc. 
The ring on the scales from Queensland fish was found to be laid down three months 
before that of the New South Wales fish and the ages corresponding to the rings are 
thus the same for both States. The ring may be laid down to a response to improving 
food conditions or as a response to the beginning of sexual maturation; the latter 
hypothesis seems the more likely, as it would account for the conditions in both States. 

(1). Rate of Growth in Length . — As determined by scale reading, this is shown In 
Figure 1 with both arithmetic and logarithmic plotting. Figure 2 shows the seasonality 
of growth. It was constructed by including all data of scale reading and mean lengths 
of samples, and so represents the mean growth of the fish month by month. 

In the logarithmic graph the first and second points do not fall on the straight line. 
Point 1 Is BO because it represents growth over the biologically poorest months of the 
year. The length reached after a full year of growth, as read from the seasonal graph, 
is 220 mm., and assuming constant growth rate through the year, the length reached in 
ten months would he 183 mm. This point falls much more closely on the line. The 
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Fig. 1, — Hate of growth In length. Cur\*e A shows arlthmellc plotting and curve K Hhows 
logarlthnjic plotting, Scale data only. 
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aecond point is atypicai bacauae many oC the New Bouth Wales samples used tor scale 
reading were collected in the months when the rings were being laid down, and so only 
the lower intermediate lengths are represented. This bias also appears In Figure 4. It 
was also noted In the section on raciation. 

The rate of growth in length is adequately expressed by the equation Y x ab*, where 
y is the age in months, x Is the L.C.F, in mm., and a and b are constants. 
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LENGTH TO CAUDAL FORK CCM.) 


Fig. 2.- Showing th€s growth of the flsh for oach inoiUh of lift*. The; curves were 
conetnicted (a) from Iho scale data and <b) from the mean longthp of about 70 HamplcH of 
tlsh of one age groui) taken in various months of the year. Samples oftcui contained only 
one age group and no dUticulty was experienced In separating age groups w’hen more than 
one was prestjnt. 


No useful purpose would be served by recording all the scale data, but these data, 
both for Queensland and New South Wales, are summarised adequately In Table 8. 


Xablb h. 

Summvfy of HruU Data. 


Ll, 8.1). B.K. O.V, j 

L2. S.». 8.K. C.V. 

U, 8.D. S,B. C.V. 

lA. 8.K. 

muale ftiimpie .. — 22 4 13% 

Hamplt! iiu^n .. 158 10 6 3 0’7%j 

- 14 4 0% 

244 5 16 2% 

i 

14 4-5 5% 

285 6-8 a 2-5% 

8 

312 16 


The largest New South Wales specimen obUined in the present investigation had 
a length of 430 mm, and an estimated age of 18 years. The largest Queensland specimen 
was 450 mm, long and its age was estimated as 22 years by the equation for rate 
of growth in length, 

(iJ). Hate of Growth in WfHpht.— Figure 3 shows the rate of growth in weight. 

(log. Y “■ log, a)* 

The following equation fits the data: X = K- where 3C is the weight in 

(log. b)* 

ounces, Y the age in months, a and b are the constants In the length-growth equation, 
and K the ponderal index. It will be seen that the growth Is approximately arithmetic 
for the first three years in life. 
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WEIGHT IN OUNCES 
Fig. 3. — Rate of growth in weight. 


7. Pathology. 

The sand whiting has few parasites, either external or internal. Occasional worm 
parasites and neoplasms have been seen, but the only condition of economic importance 
is known to fishermen as “turrinoss”. 

In this disease the fish is permeated by a peculiar tarry odour and taste which 
make It unfit for human consumption. The condition is apparently sporadic and not 
very common. Since no tarry whiting appeared during the time the author was in the 
markets no further description of the condition can be given. 

V. Condition of the Pisiieky. 

1. Economic Evidence. 

Catch statistics, except tor two records in 1892 and 1893, which cannot be 
Incorporated, exist for the period from 1938 onwards for New South Wales and from 
1936 onwards for Queensland. It is impossible to trace trends over such a short period. 
Since most of the fisheries of Australia show some evidence of depletion (Kesteven, 
unpublished data), it seems likely that this fishery would also show economic evidence 
of this type also. 

Fishermen are not Inclined to express a definite opinion on this point, but there 
appears to be a suspicion that the fishing is not as good as it was. Fluctuations in a 
amall fishery like this, especially long term ones, are not likely to impress fishermen 
until a state of serious depletion exists. 

2. Biological Evidence. 

New South Wales market measurements were available for a period of four years. 
Figure 4 is a frequency diagram of these data. 

Queensland market measurements were available In small numbers for the period 
1948-44. The numbers are only just on 3,000, but the sampling has been adequate. The 
trequency diagram is shown iu Figure 4. In this figure the Queensland numbers have 
been multiplied by three to make the curves more directly comparable. 

The minimum legal total lengths for both States and the desirable minimum legal 
length are also shown in Figure 4. The percentages of the fish below these various 
lengths are shown in Table 9. 




NUMBER OF FISH. 


2Zt 


THE ECONOMIC !H01X)QY Oil THE SANH WH1TIN0» 



Pig. 4."— Frequency inirves of the lengths of Ush rea<rhing Sydney and Brisbane markets. 
The Queensland figures have been multiplied by three to make the rurvcs more readily 
comparable. 


Taulm a. 

PercfifUag^B of Fifth fteUw Minimum Lfffai I,mgtb. 

N.ft.W. Old. 


hdlow QJri, minhimtii 


0* 

7-8% 

i:io% 

Hflow N.S.W. mliunnnn .. 


ur 

170% 

20-0% 

Bf'low idcnl minlininn 


lor 

flK«% 

42 '7% 

Hnlow recnnini^TuhHl 


101" 

50'»% 

62 9% 


VI. Stjgorstions for Control. 

The following methods of control are suggested: their feasibility must be judged 
by those In administrative control of the fishery. 

1. Minimum hegul Length. 

It has been demonstrated that the existing tniuimuTn legal lengths are too low to 
protect the immature fish. A minimum legal total length of 276 mm, (lOi"") would be 
more in accord with biological fact, hut an Increase of li'" would almost certainly be 
tolerated by fishermen; for this reason a minimum legal length of lOi" Is recommended. 
This would not be subject to decrease even if conditions improve, and would, of course, 
apply in both States. It Is interesting to note that Dannevlg (1903) suggested 101'^ as 
the minimum marketulde size of this fish. 

2. Hegulation of Net Meah. 

No further change in the existing New South Wales regulations would be required 
except to make them apply to the whole State. Netting experiments have shown that 
the 21'" mesh Is very destructive not only of Immature whiting but also of other 
commercially important fish. It will enmesh fish at least as small as those shown in 
Table 10 and, of course, fish corresponding In shape to those recorded, 
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This control of net mesh y?ould apply in both States and would not be liable to 
change if conditions improved. 


TABIiK !0. 

FUh bjwm$}uid in Krts of 21 '' Me$h. 


HjwHoti. L.C.F, (mm.). 


FiiiiUn imillfit argeniruM) 200 

'rniKi rnullot {Myxiu eioimaiutt) . . 200 

fSHTut {Sifhigo ciliata) IHO 

Tarwhinw MO 

Si Ivor Biddy omtuit) .. .. .. .. IHt 

Uorrlim; (War^rtfrw//* cmtlenaui) • .. .. 120 


The season when catches are greatest Is also the time when the immature whiting 
becomes capable of capture by this net. 

These suggestions for (umtrol would, if implemented, cause a fall in both iiumbetB 
and weight of whiting caught, but In a year or two, while the numbers would be 
less, it is probable that the total weiglit landed would be considerably more than at 
present. 


- VII. SUMM.Mty. 

(i) . The landings of sand whiting in New South Wales and Queensland are 
approximately CQual and are in the region of 500,000 lb. each per year and are valued 
at £25,000 in each State. 

(ii) . The taxonomic literature is listed and a simple key is appended. 

(iii) . In the area bounded by latitude S. 31 and latitude S. 34 the landings are 
greatest, but the fish is distributed along the entire coastline of New South Wales. 

(iv) . Mesh nets are most used for the capture of this fish, and the various ways 
of using them are Hstod. 

(v) . Maximum landings occur In summer in New South Wales and in early spring 
In Queensland. 

(vi) . There is no definite evidence of rac.iatioii in the stocks. 

(vli). Food consists of the annelids and crustaceans of the mud and sand flats. 

(vili). The breeding season for the New South Wales fish is from November to 
March and for the Queensland fish from July to November. Two spawnings may occur 
in this period. 

(ix) . The L.C.F. at first sexual maturity is 260 mm 

(x) . Spawning is thought to occur in the open sea. 

(xi) . The sex ratio Is 47*6 males to 52*6 females. 

(xil). No evidence of migration was found, but was thought to occur. 

(xili). The weight-length relation is expressed by the equation W - 350L'* :< lO^*, 
where W is the weight in oz. and L is the L.C.F. in mxn. 

(xiv). The scale and method of scale reading is doscrlhed. A verification is made 
for the method. 

(XV). Half the fish have breaks in the circull by October, 

(xvi). The rate of growth in length Is expressed by the equation L ^ 186 log. A 
where L is the L.C.F. in mm. and A is the age In mouths. 

(xvii). The rate of growth in weight is expressed by the equation 
(log.A-0028)“ 

W=:360 where W is the weight in oz. and A the age in months, 
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(xvill). A large proportion of the market catches both in New South Wales and 
Queensland is made up of fish which have not yet spawned. 

(xix). Recommended control methods are the raising of the minimum legal length 
to 101'' nnd the prohibition of mesh nets of less than H" mesh, both provisions to 
hold In both States. 
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MISCELLANEOUS NOTES ON AUSTRALIAN DIPTERA. XIII.* 


TilK ORIGIN or THE VENA SPURIA. 

By G* H, Hardy, Queeuslaiid University, Brisbane. 
(Four Text-figures.) 

(Head aoth July. J947.J 


The tW7ia ^p«ria is a thickened convex line of the wing membrane between the 
radial and median fields, a line seen in most Syrphldae. This takes a course In its 
usual length that reaches the apex of the median cell, and sometimes it Is formed like 
the veins but Is brown and translucent instead of black and opaque. 

It is very evident that this is a vena ohsoleta that may be still traceable as a 
complete vein in Dlptera, and the only position that seems feasible for its occurrence 
in the primordial condition is In the highly reticulate venation such as that seen in 
some Nemestrinidae. The following observations are put forward in support of this view. 

The search for the origin of the vena spuria started when Tillyard (1926) was about 
to publish his book on the Insects oj Australia and New Zealand, However, in those 
days, the primitive radial sector was judged to be dichotomously twice branched, and 
this formed the basis of the search. When Alexander (1927) showed that a divergence 
of the vein direction may form a pectinate radial sector, a new search proved equally 
unsuccessful. 

Recently* when attempting to homologise the veins within the Bombyllldae, the 
opinion was formed that the radial field became reduced there in a way that was not 
identical with the reduction presumed to have taken place In the Tabanoidea. It was 
thought that the latter reduction arose from developments seen to have taken place 
in the Nematocera, but in view of this new evidence, this must now be regarded as an 
erroneous conception. 

Arising from observations on the venation of the Bombyllldae, it was deduced that 
here the radial field originally had five radial branches traceable and separated. A plan 
to include a primitive radial sector was worked out on the reticulate venation of 
NemeHtrinus osiris Wied. The result was astonishlngiy close to a complete explanation 
for several characters in the Brachycera venation, characters which remained anomalous 
undep the Comstock-Needham and the Tillyard notations. 

Hirpotkffical ycna/ion.— Figure 1 gives the reticulate venation, and certain veins 
are indicated by dots to suggest those that would form the pectinate four-branched 
radial sector. From the base of this radial sector arises another, but convex, branch 
which Is responsible for that strongly convex diagonal vein that traverses the wing In 
the Nemestrinidae The ox)ur8e of this extra vein V-S corresponds to the track along 
whlbh the convey vena spuria is seen to lie In the Syrphldae, as also that of the crease 
similarly placed in various families of the lower Brachycera. 

The Interpretation given here is not satisfactory In all details. Obviously a concave 
vein section of the upper median branch is eliminated from the Nemestrinidae and 
retained in the other families mentioned. On this account at least the hypothetlcii 
ardhaic venation cannot be truly represented by the Nemestrinidae beyond about the 
basal half of the wing, where the oena spuHa is being traced in this paper, the remainder 
tmtkit left for future solution. 

. ‘ I — o — .. — u.*-. — — . — > — . 
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exhibited in Macanart's durure 'whleh la reproduced hei'e. This la a Caature seen iii 
many winge ot fosBil Hecoptera and in those of primitive fossil orderSt but It is vary 
: doubtful if the character can have been retained in any extant Diptera. None of 
Xfichwardt's figures of venations of Nemestrinidae shows it, nor yet does Macquart show 
it other than in J^amestrinus. 

The venation of the median field cannot be discussed until the primordial features 
are known, but in the figures given here It Is shown that the veins and M* of 
taxonomy represent highly complex veins in the Nemestrinidae and Mydaidae, 

NeniestrmiUae. — Figure 2 gives the samo reticulation, retaining those veins which 
suggest that the venation of the genus Trirhophthalnia may evolve from it. The vein 
marked Rr, is the vein with the notation Mi in taxonomy, and its original alliance with 
the radial field is obscure, as a cross-vein marked c connects It to the median field. The 
letter h marks the peaition of another cross-vein found between fields in Diptera, and 
a is the normal radial-median cross-vein of taxonomy. 

* (7prtidav. — In Part xii of this series, the venation of Panops was given in Figure 1 
with the convexity and concavity of veins indicated. If, on Uiat figure, a vertical line 
be drawn adjactnP. to the first furcation of the median vein, this line will cross eight 
veins, marked in Figure 1 as being C, Sc, Rj, K^, V-S, M, Cu and A. These veins are 
alternately convex and concave on Panops, making lU concave and V-S convex. 

As this is found to be consistent in Diptera, then, in theory, where these two veins 
come together, the convex vein marks the retention of V-S, tlte concave vein being R.. 
It Is usual to find that R^ branches from R, and proceeds In continuity with a strong 
convex vein wherever there is no other sign of a vena spuria. 

Mydaidae. — In the genus IHovhlisttut the radial veins do not follow quite the same 
route as those in Trirhophthahna, and Figure 3 is based upon the same reticulation to 
show this. Apically, the four uppermost radial branches are joined by cross-veins 
and three of the branch veins do not reach the wing margin; this gives the appearance 
of four veins converging to a point. In addition, there is a stump-vein on R-j. 

AsllUlae. — The genus Phellus and some other genera have Kh and V-S adjacent to 
each other, lying almost contiguously. However, V-S is reduced to a prominent ridge, 
along which flecks of brown membrane may be more or less retained, till It joins R*. 
to continue in a strongly convex vein. Here the basal part of V-S evidently disappears 
In advanced geiicra. 

(Nprph idt/c.- -In this family the vena ^pwria lies well apai t from the radial field 
and, when complete, it arises from that, basal cross- vein between R and M. Basally it 
approaches tt, but apically it slopes towards M, ending near the furcation of the 
uppermost median vein. It is questionable whether the branch vein R* is retained in 
this family. 

Tanyderidae. — The genus Hadinoderus has a recurrent stump-vein in the position 
of the vein V-S, and evidently this is a remnant left at the tmse of R^. In Figure 4 
the venation is traced from the same reticulation to show the probable homologies. 

It would seem that an error was made In regarding the Tal)anoidea as having 
arisen from the Nematocera with a venation like that of the Tanyderidae. These two 
arose independently from an ancestor with a common reticulate venation. 

Heinarks and OonclMsion.v.— Theoretically, from the base of V-S to the apex of R# 
the vein is convex, but this is not always apparent throughout, owing to the flattening 
of the wing in its apical third. Being convex, this vein may be regarded as one unit 
atanding apart from the radial field, and Indeed, it may have become quite eliminated 
in the Cyclorrhapha, except for its traces left In the Syrphidaa. If this be so, then the 
Cyclorrhapha may have only three radial branches, with and R* amalgamated to 
form the third. 

In a letter dated 22nd January, 1947, Dr. C. P. Alexander informed me that Vlgnon 
md S^guy (1929) consider the ueno spuria of the Syrphldae to be the vein MA (anterior 
. median), and it must be noted that the radial sector in this family Is reduced to two 
; branches, one obviously compounded with two veins, making three branches detected. 
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TIkI» 1b tatit 1^ ad^Anced to make certain ot Uie relaitick»^% 

l^t Btiriidtare back to the KemeetHnidae with tour hraticheB la the ^radial 

aector doea Bai^geet that in the Syrphidae the vena ntmtia at least incorporates MA 
On the other hand Tillyard (Amer J Sd ix 1925 p 331) remarks Thus it la 
actually not the posteiior median which appears t< be missing in tecent insects hut 
the anteiun median or convex poitlon of the media this is not missing but has 



Fig. J.— A rfaiculato veniiiion found in Aevn-atriuns. TVk^ Unis ahdi^ liu.' vtilUH slum tho*C 
that foiOTi a fotir-bramUned radial a**«'ti>r. The convex vein V'^-S Ut» huiween the 

conottve veins and M, thit: being the position of tlie convex rc;iti fipuria in tJie Syrphiditte. 

To the Comstock ami. Needham notatlijii of veins are HcUlfnl here tht‘ letters V-S. the 
honiulogue of the vi'nn spuria : a, 1> and c, the throe radial mett inn eross- veins delected In the 
^^yrphid«e ; x and y, Ihe two cross-veins sometimeH found in th<- median hoWl 

The dots along the veins denote four hranehes of the laKdiiiaU' radial HCctor whh^h can 
be developed from this cmnplcx venatlorc 

Fig. 2.— The ttamo reticnlHlion retaining the veins <<irr(!8i)f>?Rling to those of the genus 
THohopirfhnitnn. The vein Rr* Is that which bears the nutation Mi In taxonomy 

Fig. {J. — The same retleiilation retaining veins c*)JTeaponUing to those of the gcjhus 
IfiovhlUtnf*. The vein K, lies in continuity with <‘ro.ss- veln.s near the apices of incomplot© 
Rj and Hf, and complete H^, This shows a reduction in length of the throe upper longitUdlhiU 
brandhe«» which, in appoarance, converge towards the fourth, errding in a (^oinnion point 
Ra retains a atump-veln. 

Fig. 4.— The same rotie.ulutlon retaining veins corresptmdlng lo those of tt<Kiinoderii*. Th6 
vein y.-S is reduced to « atump. and a cro»»-vclii is inserteil beiwoon Sc and H,, The radiaJ 
SMdOT its dichotomoualy twice brant^hed In this gmms of the Neuiaiocora, a feature that hiiB 
not been ttoted in iit>y BrtwJhypera. However, Rj is always a convex vein and may not helonig 
atrloUy to^ the radial ae<:tor. 


notes ^ AvsitouAic‘‘»*ir^ 
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becotne attiEu^hod peiruiaiiemly to that |M)rtian -d! It C 

I^ter, TiUyar<i (Ibiii., xi, 1926, p. l$&) Changed his opinion, at&Ungi "‘MA, 
attached to MP in Paleodictyoptera, Ib attached to R. in Fleetoptera aad Odonata, hut 
appears to be entirely missing in most recent orders’', and he further specifles its 
absence in fossil and recent Mecoptcra, concluding that it is eUmlnated throughout the 
Panorpoid Complex. Had Tillyartl Been a fossil wing of a dipteron with the reticulated 
venation, doubtless be would liave placed it iti the Plectopteriy on evidence of venation, 
or else would have protkosed a new' order for its reception. TlUyard’s later view seems 
to be erroneous. 

Conclusions Uj be drawn at present suggest that: ^ 

(«). The vena .vpwriu iu the Syrphidae is a vena ohsoleta, preserved as a main vein 
ill various families of the Tubanoldea and Asiloidea, but its basal purl: is lost in the 
Nematoceru. 

(?j). The Hracbycera did not evolve its venation from any wing type seen in the 
Nematoceia, but hud a separate development from a reticulate venation. Also the 
Bruchycera retains more of the archaic venation than drtes the Nomatoeeni. 

(c) . Veins do not move from thenr original course to the extent usually assumed, 
but instead, different vetim survive in the network of the leti dilate venation, thus 
laying dowui more than one simplifiod venational foundation within the order. 

(d) . CoiiVi'xity and concavity of veins itre characters assuming greater importance 
than tisually udDutted in the study of Hiptera. Presumably a convex and a concave 
vein should not be regarded as homologous in the absence of detinite evidence that a 
change in character has taken place. 
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Pl.ATK VIII. 



PohhM Tjfavrs froMi Aii.siralian llrowti Toii 
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Platk IX. 



P{)s.sl! I.»oav«*H from AuKtralian Brown Coal. 
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Plate x. 



FojsMil Loaves from Australian Brown Coal, 
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Pr.ATK XI. 



Kcmnil Fungi from Tertiary Depo.sils in the Southern Ilomiisphero. 
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Pi..\TK xn. 



K()8si] PuiiKi from Tertiary Uepusits In the Soiilhern llemis|)here. 
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Pr.ATK xjn. 



Fossil Funjcl from Tertiary Deposits In Uu- Southern Hemisphere. 
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Pl..\TK XIV. 







OoKenesla in the Sydney Rock Oyster. 















OogencHis in tht; Sydney Htwk Oyster. 
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Platk xix. 



Onj^irnoHie in th*' Sydney Uot’k Oyster. 
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Pl.ATK xxn. 



AusInilMHiiin tN'inldpoKoniclni*, Part JV. 
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PI.ATK XXItl. 




Kfteol uf media, gn nitrogt^u-llxalion by Azotobacttir indiciim. 
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A HEVIEW OF THE GENUS DENDROBIITM (ORCHIDACEAE) IN AUSTRALIA. 
By the Rev. H, M. R. Rupp, B.A., and Tkevob E. Hunt. 

(Five Text-figures.) 


[Read 24th September, 1947.] 


In the course of this review we shall have to give a large number of references to 
botanical publications. With a view to economy of apace we are therefore using some 
abbreviations other than those commonly employed, and we think it will be helpful to 
set out here a list of the chief abreviations used throughout the paper. 


A.OM. denotes 

Bail, a FI. „ 

Benth. 

Bot. Jahrb. 

Bot. Ma0. «. 

Bot* pi 

Fedde, Rep. 

Fltae. A.O. 

Bitz, Ined. n 

Qnr 4 . Chron. „ 

Journ. Bot. t> 

J. J. Sm. 

Kr»l. 

Fragm. m 

N-.Q. Nnt, 

Nov. Otiin. $t 

Orch. Alb. M 

Orch. N.a 
Orch. N.aW. 

Orvh. BrOv. IP 

JProe. RB,Q. 

O.AJ. 

Q. Nat 

R. Br. 

Hdhb. t Xen. 

Btni Ex. Bot. .1 

Bert. Astrol. 

WiH0*$ S. Hci Bee, „ 


The AuetraUan Orchid Heoiew (Sydney). 

Vol. V (only) of P. M. Bailey’s Queensland Flora, 

Vol. VI (Only) of Bentham’s Flora AustraUensle. 

Engler'a Boianieche Jahrhrucher, 

Curtia^a Botanical Maffazine. 

Edwarda^e Botanical Reffiater. 

Feddc, Repertorium novarum srKJclerum regii vegetabllls, 

R. D. Fitzgerald’s Australian Orchids. 

R, D. Fitzgerald's unpublished plates In the Miichell Library, Sydney, 
The Gardener's Chronicle (London). 

Journal of Botany (London). 

J. J. Smith, Dutch botanist. 

F, Kranaliu, German botanist. 

F. Mueller's Fragmenta Fhytographlae Australiae. 

The North Queensland Naturalist (Cairns). 

Nova Guinea, Orchid Section, by J. J. Smith. 

Warner and WUllamfi, Orchid Album (London). 

Schlechter's Orchids of New Guinea (Feddc, Rep.). 

Rupp’s Orchids of New South Wales (Sydney). 

TAe Orchid Review (London). 

JSngler^a Daa Fflanzenreich, iv, 50, ii. B. 21 (1910). 

Proceeding# of the Royal Society of Queensland. 

Queensland Agricultural Journal. 

The Queensland Naturalist (Brisbane). 

Robert Brown’s Prodromus. 1810 edition. 

H. O. Heichenbach, Xenia Orchidacea (1858). 

Sir J. E. Smith’s Exotic Botany (1804). 

Voyage of the Astrolabe (Richard). 

The Sydney Morning HerHld. 

Winp's Southern Science Record (Melbourne). 


DimogdUiuH 1 » probably the largest genus In the great family of the OrchidacOae, 
ItB only possible rival being BiTtuoPHyoATM. It has an extensive (Jlstribution, from 
^apan in the north Tasmania and New Zealand in the south, and from the foothlUa 
ci the Blinalayas eastward through tropical Asia, Malaya, Indonesia, the PhlUppines, 
ahfl of the western Pacific. We cannot give an exact statement of 

thS number ol but it almost certainly exceeds a thousand, six hundred 

frotn New Guinea alone. Beyond the fact that nearly all are either 
It iB Impossible to describe in general terms the multiplicity of 

group of orchids. Shren as 
there are some species so cloee to the borderline of otbet 

lot; March. Ihete . appeared .a; valualde ' synopsis ' ' 

b300W»r 'or.telmted: to occur in Australia, ' It am CKSntributed 
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by C. T. White, F.L.S., Government Botanist ot Queensland. He enumerates the lollovlng 
62 plants, but makes it clear that be does not accept all as genuine Australian Oendrobes. 


£). Adae 

V. dicuphum 

D, Joncaii 

Z>. 

affrostophplluni 

Bllen 

Ketfordii 

8peo*o»ttw 

atroviolaceum 

elongatum 

Keatevenii 

atriolatum 

JJaihj/i 

eriaeoideg 

Kingianum 

BtuartH 

Bairdianum 

fcUcoroatrum 


Sumner i 

Beokleri 

Fitzfferaldii 

lingnijor^ne 

auperbiena 

bi/alc'e 

F leaker i 

monophyllum 

Taplori 

bif/ibbum 

fuitvutn 

Mortii 

teuuiaaimum 

Bowmanii 

fuatforme 

Mueilcrianuin 

teretifoUum 

Brandtiae 

GoldUn 

ophiogloaaum 

tetra0O7ium 

minaliculatum 

Oouldii 

Palm.eratoniae 

TofTHi 

Cftrrii 

gracilicaule 

PhvUaenopaia 

undulatum 

(■'Hcumcytnum 

Grimesii 

Prenticci 

variabile 

delicatulum 

hiapidum 

pugioniforme 

irdfcianuw 

dclicatum 

Johannia 

rigidum 



Johuaoniac 

Schneidcrae 


Vo these we add the following; 



B. ancorarium 

jy. canoroidea 

D. HoUrungii 

D. lutcociiium 

antennatum 

Foelachei 

Nindii 

unifloa 

aurantinoo- 

gracillimutn 




purp^iveum 


This makes a total of 72. White excludes eight from his list. We delete nine more 
from the total. 


Kxci.uuri) Spbcieb (17). 

1. />. atroviolaceum Rolfe in Oard. Chron, (1890), 1, 463, 512, This New Guinea 
species was reported to have been found some years ago on the Mossman River, 
N. Queensland. The report has not been confirmed, and there is no real evidence for 
the occurrence of the plant in Australia. 

2. D. ancoraritm Hupp in Q. iVe/f., May, 1946. Our reason for rejecting this is discussed 
In connection with D, Adae Bail., q.v. 

8, D. antennatum Llndl. In ,/ottrn. Bot. 1848, 236. Given by F. Mueller as an Australian 
species in his 2nd Syst. Census of Austr. PI. (1889), but it is a New Guinea plant, 
and Mueller’s record is probably a mistake. He gave no locality, and there are no 
Australian reports of the si)ecies. 

4. B. Bowvnmn Benth. 286, A synonym of D. Mortii F. Muell., q.v. 

6. BrandtiaG Krzl. in Qard, Chron. (1906), 404, Another New Guinea species, for 
the occurrence of which In Australia there is no evidence. The only remark on Its 
habitat given by Kranzlin is that it ’’resembles B. PhalaeMopsiu, D. higihhum, 
B, diGuphim, and other Dend robes from North Australia or New Guinea'’. 

6, D, delicatulum F. Muell. et Krzl. in Osferr, Bof. Zeitachr.f 44 (1894), 162; et Krzl. 
in Pftone., 77. Confusion has arisen fi^m the fact that KranzUn had previously 
published another species (from New Guinea) under this name, but afterwards 
suppressed it. Why he and Mueller, still later on, used the name for a different 
species is not explained. It is this later plant which was sui^oBed to occur In 
Australia, but the supposition is based on a geographical error of KranzUn. In the 
original description the authors make it quite clear that the species belonged to 
New Guinea, but they had seen specimens "cultivated by colonists at Moreton Bay". 
Sixteen years afterwards KranzUn republished the species in Pparn,, l.c. (Muelier 
was then dead). He says “Neu-Oulnea, sudostllcher Tell, Moreton-Bai", Apparently 
he was under the Impression that Moreton Bay was in New Guinea. There is ho 
authentic record for 0. deiicataltiut In Australia. 

7, B. Ellen. As White states, this Is ah artificial hybrtd between B, King^uin 
(female) and D. tetragonum. It was raised by W. Schmidt at Turramurra, K:s.W., 
and is a most attractive little orchid, hut It cannot rank as an Australian hpodies. 

8, 0, Bail, in 2nd Suppl. to Sjmopsis <). Ft 118^8), et 

K A. Rolfs removed this plant to genus 
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Ih the following year KranzUn {Fflanz,^ 249) supported Bailey's view land kept It In 
Den4rot>ium. Bailey based his determination on the polUnla, which he said agreed 
both in form and number with those of DendroHunh though he expressed doubts 
about the final inclusion of the plant in that genus. We had not been able to 
investigate the matter of the poIUnia ourselves, and were prepared to follow Bailey 
and Kranzlln; but a personal communication from W. H, NlcboUs of Melbourne 
put a different aspect on the subject. Nicholla grew the species In his glass-house for 
several years; it flowered freely, and he dissected and examined numerous flowers. 
He sent us copies of bis drawings made during these observations. The polllnia 
are perfectly characteristic of Kria; pyriform, 8 in number, arranged In two sets of 
fours. Either Bailey's specimens nnist have been abnormal, or be somehow mistook 
the character of the polllnia. Rolfe's transfer of the plant to Eria must be upheld. 

9. D. Eoeijichei F. Muell. in Winff’s N. /?oi. /fee. (1882), 230. Wo regard this as a form 
of i>. canaliculatufn R.Br., q.v. 

10. D. Fitzgeraldii F. Muell., in The Melbourne Chemist, June, 1884. It is generally 
accepted that this is conspecifle with J). supitrhiem Rchb. f. 

11. D. Qoldiei Rchb. f. in Gard, Chron, (1878), 1, 652. A variety of />. superbiens with 
flowers of a richer colour than the type form. 

12. D. elongatuni Cunn. in Llndley, Hot. Beg, 1839, Misc. 83. Name invalid. F. Mueller's 
name gracilicaule is the valid name for this species. 

13. D, hUpidum A. Rich, in 8ert. Astral., 13, t. 6. Transferred by SSchltr. to the genus 
Cadetia, (Fedde, Rep. 1, 1912, 424.) 

14. JD. Johnsoniae F. Muell. in Wing's S, Sci, Bee. (1882), 9B, et in Oard. Chron. (1891), 
1, 652, This magnificent orchid was recorded for Cape York by Kranxlln (Pflanz., 
260), but he does not say on whose authority, and no other record is known. Bailey 
did not consider it an Australian species. Mueller originally described it from a 
specimen sent by the well-known New Guinea missionary, the Rev. James Chalmers, 
at whose request he named it in honour of a Miss Johnson of Surry Hills, 
N.S.W, Fitzg. ined., No. 89. with no name attached, undoubtedly represents 
D. Johnsoniae. There is a faint inscription on this plate, “Dinner Island, 28 August, 
1888". Now there is a diminutive Islet near Mackay, Queensland, bearing that name, 
but as the result of inquiries we are convinced that no such orchid as />. Johnsoniae 
could ever have grown there. But “Dinner Island" years ago was the name commonly 
used for the island of Samarai, at the S.E. extremity of Papua. It was certainly 
known by that name to Chalmers, who had a mission station there. We think It 
most likely that this was the locality for Fitzgerald's plant. In deleting D, Johnsoniae 
fronv the list of Australian species, of course we exclude with it the synonyms 
X>. niveum Rojfe in Card. Chron, (1891), I, 104, and D. Mavfarlanei Rchb. f., ibid, 
(1882), n, 520. Relchenbach's name in any case is invalid, being preoccupied by 
Mueller for another species, 

16. Z>. Nimiii W. Hill, in Parliamentary Report of Brisbane Botanic Gardens for 1874. 
Hill's description is far too inadequate to be accepted for the establishment of a new 
species. No floral particulars are given beyond the vague remark that there were 
“eighteen or more large purple, lilac flowers". We can discover no subsequent 
reference to Nindii in botanical literature, 

15. D. Tagtori Titzg., A.O. il, 8. Transferred by Schltr. to the genus Cadetia. (Fedde, 
Hep., l.c.) 

17. D. miflos Bail, In Proc, i (1884), 11, A synonym of No, 16. 

Deleting* then, the above 17. we are left with a total of 55 species. Beyond references 

to the original descriptions, we are unable to supply any Information concerning the 

ioUowing siki which do not appear to have been recorded again since they were described. 

1, fp. Fragm, viii (1874), 178; see also Ball. Q, El, 1680, 

2. H. Jonesii Handle in Joum. Bat, xsxix (1951), 187. (See p, gradUimum below.) 

8. 0. Schltr, in 

4, li, 
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6. D. BHartii Bail. In Proc. RS.Q., 1 (1984). et In Q. Fh, 162$. 

6. B. Bumneri F. Muell. Pragm. vl (1887). 94. In a peraottal communication, W. H. 
NichoUs informs us that he has examined Mueller's type in the Melbourne Herbailum, 
and cannot distinguish It from D, bigiblum Lindl. Bailey omits It from 0* But 
see Benth,, 278, where it is stated to lack the double spur of B, bigibbum. 

Of the remaining 49 species there are nine which, in our opinion, have been so 
adequately dealt with in previous publications that we do not feel we can add anything of 
value to what has been said. We shall therefore only enumerate these species, with 
references to their bibliography, and brief indications of their habitats. Two special 
notes, however, are inserted, one under D, futtifornie and one under B. striolatum, 

7. D. amulum R. Br. 333; Benth. 280; Ball. Q. Ft, 1527; Orch, N.B.W, 117; Fltzg. A.O, 
1, 2; A,O.H„ June, 1938, 44 From the Clyde River in southern N.S.W. to the Atherton 
Tableland In North Queensland. 

8. 1), Bairdianum Bail, in 1st Suppl. to Synopsis Q, FI. et in Q, FI. 1528; Nicholls In 
N.Q. Nat., July, 1936. Coastal ranges of North Queensland. 

9. Z>. cucumerinum- Macleay in Lindl. Bot. Reg. (1842), Mlsc. 68; Benth. 283; Ball, 
p. FI. 1532; Fltzg. A.O. 1, 6; Bot. Mag. 4619. Open forests E. of the Dividing Range, 
from Burragorang, N.S.W. , to southern Queensland. 

10. D. fusiforme Ball.. Q. FI. 1627; A.O.R. Dec., 1939, 114. ©t June, 1946. 40. N. Queens- 
land coastal and tableland forests. 

Bailey (^. FI., l.c.) refers to these Pkockkdinos, ii (1878), 277, for the original 
description of D. fusiforme, But he did not describe the species there. He 
recorded It as “a well-marked variety” of 1). speciosum. mentioning a few of its 
characteristics; then he added that he had supposed it to be a distinct species, and 
had described It under the name D. fusiforme. But he did not say where, if any- 
where, such description had been published, nor can we find any reference or allusion 
to It elsewhere. We consider therefore that ”Q. FI. V, 1527*' is the correct citation 
for the original publication of this species, and that the reference to these Procekdinos 
should be given only in connection with its synonymy. (B. speciosum var. 
fvsifornie.) 

11. D. monophyllum P. Muell. Fragm. i (1858), 189; Benth. 282; Bail. Q. Ft. 1681; 
Pitzg. A.O. i, 6; Orvh. N.S.W. 118. Common in scrubs and forests from the Clarence 
River, N.S.W., northward Into the Queensland tropics. 

12. B. papioni/onne Cunn, in Lindl. Rot. Reg. xxv (1839), Mlsc. 38; Benth. 284; Ball. 
Q. Ft. 1532; Orrh. N.S.W., Plate xxi; Pitzg. ined. No. 86. Common In rain forests, 
especially on mountains, less frequently at lower levels, from southern N.S.W. at 
least as far north as the Bunya Mountains in Queensland.*^ 

13. 1). rigidum R. Br. 333; Benth. 284; Ball. Q. Fh 1533; Pitz. A.O. 1. 4. North Queens- 
land forests. 

14. D. Htriolaiuni Rchb. f. in Hamburg. Oart. xili (1867), et in Xen. 11. 24, t. 109; Benth. 
285; P. Muell., Key to Sysi. Viet., PI. 11, fig. 112; Viet. NaU, Jan., 1938 (a beautiful 
plate of plants in situ, facing p. 141). From ranges near the South Maitland Coal- 
fields in N.S.W., southwards to eastern Victoria; also In Tasmania, where it is the 
only species of Dendrobium. 

We cannot discover the basis for the following record by Bailey In Proc. i 

(1884), 13: '‘B, striolatum Rchb, f., var, Beckleri P.V.M. Fragm., v, 96. Fitzgerald, 

Part VI,” Mueller does not even mention D. striolutum in Fragm, v (1866-6), though 
on p. 94 he records It under the name B. MiUiganii, which he subsequently abandoned 
in favour of Reichenbach's earlier name. On p. 96 he records B. Beckleri for the Clarence 
River, without comment. Actually he had not then published any descrlpticm of that 
speclcm, nor did he do so until 1869 {Fragm, vii. 69). Below the description he briefly 
alludes to aflanitics with B. striomum and B. MotiU, Fitzgerald never published 

♦ In his article In A.O.R. . March, 1947, on th^ orchids 0 (f GJap© York, Pr. 'M. B. YOupt 

records Z>. pngi*>nifornns as abundant on the Peninsula; but Which he 

tho Government Botanist at the Brisbane Merbarium have been Identified as ^ 
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D* striolatnm at all, nor does he allude to it in the text accompanying hia plate of 
/>. Beckleri in A.O. I, 7. Whatever be the explanation of Bailey's record cited above, 
there can be no question that D. Beckleri is not a variety of D, striolatuni, but Is a very 
distinct species of different habit 

IB. />. Tofftii Ball, in 3rd Suppl. to &ynopsi» Q. FI. (1890),. et in Q. FI. 1524; Fitssg. 
ined. No. 38; A.O.H. Dec., 1941, 82. This very beautiful species is confined to swampy 
forests along the coastal belt of North Queensland. 


Having thus cleared the ground by indicating excluded species, and by enumerating 
those which, for reasons stated above, we do not propose to discuss further, we are now 
In a position to pioceed with our review of the remaining 40, vis.: 


a Ailae 

ayrostophyllum 

purpureum 

Beckleri 

hifulce 

hiaibhum 

cnnnHculatum 

cancroidett 

Carrii 

delicafum 


D. ilicuphum 
falcoroetrum 
Flcckeri 
fnevum 
Oouldii 
gracilioaute 
graoilUmum 
GrimeeU 
JTollrungii 
Jnhannis 


D. KeiJordii 
Keateimiii 
Kingianum 
Iwhenaetrxim 
Hngviformc 
luteocilmm 
MortU 

ophicgloMsum 

PhalaenopsiH 

Prentwei 


D. Schneiderac 
Smilliae 
epeciofnim 
auperbienat 
t€nul».aimufn 
teretifoUum 
tetragonum 
unduia^tum 
variabile 
WilkUmum 


16. D. Aoaic Bail. In Froc, R.S.Q., i (1884), et in Q. FI. 1639; Rupp In Q. Nat. May, 1945, 
Plate v1, et ibid., May, 1946, 12. This dainty species, with creamy- white flowers, 
toinentose lahellum, and an exquisite perfume, deserves more attention from orchid 
growers than it has yet received. Though a native of tropical Queensland, It thrives 
and flowers well under ordinary bush-house conditions, as far south as Sydney. 
Recently it was the subject of an article by Rupp (see last citation above) suggesting 
that it is a dimorphic species. In the preceding year the writer had described what 
he believed to be an allied (but distinct) species from Mount Spurgeon, in the 
Mossman area of North Queensland, under the name I), ancorarium — in allusion to a 
curious anchor-like device at the foot of the column (p. Nat., May, 1945). The 
flowers were pale-green and scentless, and the labellum was glabrous. Next year 
this plant (a young one) bore two racemes. In one the flowers were almost exactly 
as described for the new species; but in the other, which oi)ened later, they were In 
every respect typical flowers of D. Adae. It is for this reason that we have put 
D. ancorarippi into our list of excluded species. We should be glad to hear from 
anyone who has observed this peculiarity in connection with D. Adac. 

17. D. AGKoSToraYLLUM F. Mucll. Fragm. vlll (1872), 28; BenUi. 281; Ball. Q. FI. 1529; 
Krzl., Pflanz. 168; Fltzg. A.O. ii. 3. This is one of the few Instances where Fitz- 
gerald's plate does scant justice to its subject. It shows half-closed flowers of a dull 
and unattractive yellowish tint, and it would appear that his specimen was in very 
poor condition. Actually the flowers expand widely, and are a brilliant canary- 
yellow. The labellum is relatively large, and very conspicuous in the fully-expanded 
flower, Though the individual flower is small, the bright colour of the racemes, 
and their pleasing perfume, make this quite an attractive species. Like D. Adac, 
although a native of tropical Queensland, it is amenable to ordinary bush-house 
conditions in much cooler climates. (Text-flg. 1.) 

18. D. AtTaANTiAOO-FUWJKEUM: Nicholls In N.Q. Nat., March, 1942. This Is one of several 
very diminutive North Queensland orchids which present peculiar difficulties to the 
taxonomist, AU are closely related, and all seem to be very near the hypothetical 
borderline separating Dcndrobtww from Bulhophyllum. Two of them, /). tiohmastrum 
and D, Frefiticei, were described by Mueller as species of the latter genus, although in 
the case of D. Uohenastrum he evidently suspected that it might be a Dendrobe. 
Fltsgerald, In A.O. il, B. flgures a plant over the name B. lichenastrum, which is 
quite IrreConcUhble with Mueller's type specimens in the Melbourne Herbarium. 
NlchoUs, In an attempt to clarify tbe position of these small orchids in N.Q. Nat., 
Sept and Dec., I988r Jdentlfled the plant of Fitzgerald's plate with an undescHbed 
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speciea which he had received from North Queenalandi and which he named 
Z>. twriabile. Subsequently, however, a different plant was sent to him* which he 
considered to be definitely that figured by Fitzgerald; and to this he gave the name 
of awrantiaco-purpurewm. While wc do not question this later detertninatlon, and 
agree with Nlcholls Ip placing these plants in Dendrobium, we must confess to a 
hope that lie will give us a revision of his exposition of the whole group, for we 
find it very dlificult, in examining living material, to distinguish between his species. 
Moreover, we do not think he was justified In making the absence of a definite 
pseudobulb a ground for deciding against BulbophuUum as the proper genus for 
these plants. The Himalayan B. hymenanthum Hook, and B. gracilipes King and 
Pantl.; the Malayan B. botryophorum Rldl. and other species that could be cited, ai^e 
quite bulbless. Our agreement with his decision in favour of Dendrobium> is based 
upon the floral characters rather than upon the habit of the plants. (Text-flg, 3. A.) 



Tftxt-liff. 1. — I>cndro6i«w ^yroatophyllum. Inset (right) ; Upper surface of labeUum 
(enlarged). 

Text-flg. 2. — Bendrofeiaw Ketfordii. A. A lateral sepal (enlarged) twisted in the cork- 
screw torm described in the text. B. Two flowers a few hours after expansion, C, Upper 
surface of labellum (enlarged). U. A plant (reduced). 

Text-flg. 3. — Flowers of four diminutive north Queensland species of Bendrofeiwtn (side 
view, front view, upper surface of labellum shown for each species. All figures enlarged). 

A. X>, aurantiaco^pursmreuin. B. B. lichenatttrum. C. Z). wtriahle. D. X). FrenXoei. 
(After plates by W. H. Nicholls.) 

19. D. BECKLKtti F. Muoll. Pragm. v <1865), nomen et Ibid., vll (1869), 56; Pltz. A.O. 1, 
7; Ball. Q. FI.* 1684; Orch, JV.fif.W., 120. Bentham suppressed this species, but as 
Fitzgerald and others have x>ointed out* he evidently misinterpreted the material 
available to him. Actually he describee B. Becfclcrt under the name B. Jfortii, q.v. 

B. Beckleri Is a very well-marked species, the principal of those popularly called 
“Pencil Orchids", from the shape of their leaves. A form with mauve flowers has 
been recordetl in northern N.8.W. 

The species is found chiefly in open forest country, from the ^untetr ‘ysSley 
N.S.W. northward into the QueenshMid ti*oplcs* 
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Var. raventosum Nlchollg In N,Q. Nat., June* 1936. A North Queensland form 
with a very definite racemose Inflorescence. In the type form* although the flowers 
are numerous, they are solitary. 

20, D. BiEALCR Llndl, In Journ. Bot, ll (1843). 237; Krsl.* P/lan«. 262; Rupp in N,Q. Nat., 
Sept. 1946. White admits this as an Australian i>lant from" Its occiirrence on the 
Island of Saibai, politically part of Queensland, but geographically belonging rather 
to Papua. However, it was collected by R. L. Hunter in June, 1945, In the Portland 
Roads area north of Cairns. It Is surprising that so conspicuous a species remained 
undiscovered on the mainland for so long. It has a wide range of habitat, extending 
from New Guinea to Fiji, where the type was found, A fuller description than 
Lindley's is given In N.Q. Nat., loc. cit. 

21, D, nruiiiBUM Llndl. in Paxton. Flower Garden, Hi, 26 (1862). fig. 246; Krzl„ Pfianz. 
260; Benth. 277; Ball. Q. FI. 1523; Fltzg. A.O. 11, 6; Orch. All). I. t, 38 (1882); 
Bot. Mag., t. 4898. 

We find it necesaaiy to associate with this species No. 44, P. Phalaknopsis Fltzg, in 
Gard. Ohron. (1880), ii, 38. et ibid. (1886), 11, 656. fig. 110, et In A.O. i, 7; Krzl., Pflanz. 
261; Orch. All), iv (1886), t. 187; A.O.R. March, 1938 (frontispiece). We have given much 
time and thought to the vexed problem of the relations between these beautiful North 
Queensland orchids. We realize that the conclusion we have at last reached will probably 
be unacceptable to some of our readers, and that it will disappoint many who have been 
anxious to see a concise and clear statement of the distinctions between the numerous 
varieties (of both 1). bigihhum and D. Phalaenopsia) which from time to time have been 
recorded. But we have become convinced that Bailey was entirely correct, from the 
botanical standpoint, when he reduced Fitzgerald^s D. PhalaenopsU from specific rank 
to the status of a variety of D. bigibbum (Q. Ft., loc cit.). We may assume, we think, 
that Fitzgerald has faithfully depicted the typical D. Fhalaenopsis In A.O. I, 7, and the 
typical D. higibhum in A.O. ll, 6, No one examining these plates can deny that there are 
differences between the two orchids figured there; but are thej/ in any renpect more 
important than those which distinguish type from variety in scores of other species? 
Lest this be thought too vague a comparison, take two of our own Australian species of 
this same genus, viz,, D. teretifolium and D. tetragonum. In what particulars are the 
diflierencea between B. bigihhum and D. Fhalaenopsia more striking, or more Important 
botanically, than those between the typical Z>. teretifolium and Its tropical variety 
faHCionlatwml or those between the little sober-hued flower of the typical B, tetragonum 
and the large and colourful flower of var. gigantewm^ Even in their recognized varieties, 
B. bigihhum and B. Phalaenopsis seem to approach one another. White's var. compactnm 
is generally considered a very distinctive form of the latter; but In what respects does 
It differ from Relchenbach's B. bigihhum var. mperhuin7 

Generally speaking, the flowers of B. Phalaenopsia are superior, both In dimensions 
and in depth of colour, to those of B. bigihhum. But size and colour cannot be made the 
criteria for speclflc separation. It Is the morphology of the flower which counts most; 
and we are satisfied that the structural differences between the flowers of these plants 
are very slight, and even at their beat, are not of much botanical Importance. Differences 
in dimenBions, colour-scheme, and precise shade of colour itself may conveniently be 
ufted to denote the distinctive appearance they give to this or that variant from the 
typical form; but not to establish new species. If this point of view is not accepted, why 
should we not split both B. bigihhum and B. Phalaenopaia Into still more species? The 
differences between the typical B. Phalaenopaia (the “Cooktown Orchid", as It is called) 
and its variety Hothaohildianum, or the new variety TT. Parton, seem to us greater than 
those which are supposed to distinguish It from B. higibhum. We follow Bailey In 
regarding Fhalamopaia as a large and beautiful fom of B. higibhum, Itself even more 
subject to variation than the species proper; and we think that its named varieties 
should be reduce to sub-varieties. We may be accused of inconsistency in holding these 
vie^s, yet etiU retaining both names in our list of species. We do this because we 
recognise that the problem la a very dlffiimlt one, and that 
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others who are as well qualified to judge as we are, may uphold the view that here 
are two distinct species. We are unable to endorse the view ourselves. 

We do not tlilnk that in a review such as this we can enter into a discussion of 
the many varieties which have been published in connection with higihhunti and 
Z). PhalaengpBis. Most of them are based on differences In the colour-scheme of the 
flowers; in a few there are other distinctions, such as dwarf and compact habit, etc. 
These variations are chiefly of interest to orchid growers, and would be more appro- 
priately discussed in a journal exclusively devoted to orchid cultivation. We may add 
that in any such discussion we think a third species, D. dicnphuirt F, Muetl., should 
receive some consideration. At least one form of this species approaches very closely 
D, bigihhum var. candidum, 

D. higihbum is found chiefly in the Cape York Peninsula, but Is occasionally seen a 
good deal to the south ot that area. The vernacular name so commonly used for var. 
Phalae7iopsis — “Cooktown Orchid**— gives the clue to its principal habitat, though it is 
by no means exclusively confined to the Cook town district. With its large purple 
flowers, usually shading to deep mauve on the labellum. It is one of the most beautiful 
of all Australian orchids, and can hold Its own even among the most highly valued 
species of exotic origin. 

22. D. CANALiouLATiJM R. Br. 333; Benth. 282; Bail. Q. Fh 1630; Pllzg. A.O, i, 3; Bot. 
Mag, 6637 (as D. Tattonianum) . Syn. D, Tattonianum Bateman In Oard, Chron, 
(1865), 890. Another very attractive species from North Queensland, extending to 
the Northern Territory. It is far more variable than the descriptions indicate, 
although Halley in a footnote remarks, “colouring and marking very variable**. The 
contour of the labellum is remarkably inconstant, ranging from almost orbicular to 
elongate-rhomboid. The general habit of the plant Is also variable. In the commonest 
form the pseudobulbs are very short and greatly swollen, prompting the vernacular 
name *‘Onion Orchid**; but sometimes they are longer and not conspicuously swollen. 
The leaves, too, are sometimes very thick and deeply channelled, sometimefs very 
slender and almost terete, with only an obscure median channel. In 1882 Mueller, in 
Winp’« K. Rec,, p. 230, described a Dendrobe from the Northern Territory as 
B. Foelachei, He remarked upon its affinity with B. camliculatum, but thought that 
it merited specific rank. By the courtesy of the authorities of the Victorian National 
Herbarium, we have been able to examine flowers of the type specimen. We think 
Kranzlin was right {Pf(.anz, 274) In reducing B. Foelachei to a form of B. canalicu^ 
latmn; although W. H. NlchoUs is Inclined to support Mueller. But the flowers differ 
no more strikingly from the typical B. canaliculatum than do others generally 
accepted as only variants. Since, however, this plant appears to cwnbine several 
variations, we think It may be retained as a named variety, 

Var. Fotlachei, n. var, <B. Foelsckei F. Muell., loc. cit), Faeudobulbs not 
swollen, or sliglitly fusiform; leaves very slender, nearly terete. Flowers smaller, or 
at least more attenuated, than in the type, the mid-lobe of the labellum more or less 
rhomboid — Northern Territory. (Flowers of a plant collected by E. J* Langdon <of 
Adelaide), near Darwin, appear to belong to this form, though the floral segments 
are longer than in MueUer*s plant.) 

Var, nigrescens NlcUolis in A.O.E. Sept, 1942, frontispiece and p. 40. Perianth- 
segments pale green towards the base, deep sepia-brown above; labellum white with 
the usual purple markings. Locality doubtful. This seems to be the form recorded 
on the Cape York Peninsula by Dr. H. E. Young In A.O.E., March, 1947. 

28. D. cANORomEs Hunt In V.Q. Mat,, June, 1947. This is a recent discovery by J, H. 
Wilkie In the Bellenden Ker Range, North Queensland. As in the case of B. bifalee, 
it Is surprising tliat so large and disUncUve a species should have escaped detection 
for so long. The curious, reddish-brown flowers, which do not ekpohd widely, some* 
what resemble small crabs. The species seems to be Closely related to the New 
Guinea B. ajellerupii J. J. Sm,; its nearest AustraUan reldtlte to 
,, Rupp. , y , ^ ; 
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24. a Oaheh Rupp and White In Q, Nat. Uarch, 1235. 61. and Feb., 1242. 19, A small 
plant with the habit of D. mmophyllum, F. Muell.,^ but the pseudobulbs are never 
crowded, and the dowers are white or cream, with narrow sepals and petals; lateral 
lobes of the labellum splashed with red. mid-lobe yellow. Mount Spurgeon, on the 
main coast range behind Mossman. north Queensland. 

25. D. DEUC'ATTJM Ball,, Q. Fl. 1627; Krzl,. Pflanz. 271; Rupp, in Q. Nat. March, 1936, 61; 

Weinthal in A.OM. June, 1939. Syn. D. speciosum Sm. var. deHcatum Ball, in Proc. 
R.S*Q., 1 (1884). Probably few Australian orchids have been subjected to more 
argument and discussion than this. For those who wish to follow the inquiries into 
its identity, its status, and its relation to X>. Kestei^enii Rupp, we cite the following 
additional references: these Prooerdinos, Iviii, Parts 3, 4 (1933), 223; A.O.R., Dec., 
1939, 124; Rolfe in Orch. Hev., April, 1908. An admirable photograph will be found 
In March, 1940, p, 20. 

It now seems practically certain that the origin of I), (telicatum lies in natural 
hybridization between 1). specHomm and Z>. Kinpianiim. The English experiment in 
crossing these, mentioned by Rolfe, l.c., was not accepted In Australia as conclusive, 
because there was some doubt whether English botanists had not previously mistaken 
the whlte-fiowering form of D. Kingianum for D. deUcatum. But more recently this 
experiment was repeated by Dr. H. E. Young of Brisbane, and the i‘esultlng hybrid 
cannot be distinguished from D. deticatum. In the wild state, however, the latter Is 
a very variable plant, and several of the forms may have originated independently 
(A.O.H. Dec., 1939, lx.). But, granted the hybrid origin of D. deiteatww, does this 
necessarily Imply, as assumed by Rolfe, its disquallflcatioii as a species? If so, then 
there must he thousands of other plants whose specific rank rests solely upon the 
fact that tiieir hybrid origin lacks the demonstration which has been given in this 
case — surely a rather precarious foundation. Ix^tsy long ago showed us what a large 
part hybridization has played in the evolution of species. If a natural hybrid is 
established independently of its ‘'parents'*, and reproduces itself without exhibiting 
the slightest tendency to revert to the character of either parent, surely It is entitled 
to specific rank. 

A very curious point in connection with D, delicaimn is the limited area of its 
habitat. It was first found on the main Dividing Range near Toowoomba; more 
recently it has been collected or recorded In a few other southern Queensland 
localities. Now D. apeciomm and D. Ainplaw aw. occur together, often in abundance, 
along the whole coastal belt of northern New South Wales for several hundred 
miles. Yet no plant suggesting hybridization between them has been found on the 
New South Wales side until Bullahdelah Is reached, some 350 miles in a direct 
line from the delicatum. area. Diligent search has been made in many localities, 
without result. At Bullahdelah a plant which somewhat resembles D. delieatum, 
and is probably of similar origin, was discovered some years ago, and received the 
name D. Kestcvcnii. Why neither of these plants should occur in that long gap 
between them is soxnething of a mystery- 

26. D. DicuPHtjM F. Muell. Fragm. vlil (1872), 28; Benth. 277; Rupp and Nlcholls in 
N.Q. Nat. Bept., 1943, A common species In the Northern Territory and recorded by 
Gardner in the N.W. of Western Australia. The plate by Nlcholls in N.Q. Nat. shows 
the typical form; but another was collected (Independently) by G. L. Piper of 
Brisbane and R, J. Langdon of Adelaide, when on active service in the Territory. 
tVe are naming this var. prondiyiorwm, but we confess we can see little to distinguish 
it from D. IHffitihum rar. candidum. Undoubtedly D. Pigihbum and I>. dicuphum 
are closely allied; but as no other form ot Ugibbum is recorded from the dicuphum 
area, we attach this variety to the latter, 

gnmdifiorunif n. var. Flare$ majoreSf niv^i. Flowers half as large again 
as tlmse of the type formi pure white^ 

87* D; Nov. 18. 1876, et AvO. 1. 5; Orch. N.B.W., 116; 

ses also A.O^n March, 1987, 17; ibid., Dec., 1927^ 11, This beautiful species is 
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well known to orchid growers under the name '‘Beech Orchid*’, Questions in regard 
to its habitat are frequently raised » and we are prepared to give a definite answer. 
It has never been found except In forests of the Antarctic or Negrohead Beech 
(Nothofagus Moorei). The southern limit of this tree is on the south side of the 
fall from the Barrington Tops plateau, some 60 miles K. of Newcastle, New South 
Wales. It occurs again about Dorrigo, on the eastern side of New England, and 
extends sparingly from there to the Lamlngton National Park In the Macpherson 
Ranges of sot j them Queensland. It Is rarely seen at an elevation of less than 
3,000 ft. Before the march of settlement had destroyed the greater part of the 
Dorrigo beech forests, D, fateorosfrum grew there literally in thousands: today It 
is in danger of extinction. Although it is confined to the beech forests, within them 
it occurs on other trees besides the beeches, being often found on the Mountain 
Wattle (Acavia elata). It is easily cultivated, and as a rule blooms most prollfically. 
Being a large and robust plant, it makes a fine display with its masses of snowy 
white flowers, which are intensely fragrant during the warmer hours of the day. 
We have seen plants bearing over 100 racemes. 

28. O. Rupp and White, Q, Nat, Feb., 1037; Rupp in N.Q, Nat, Dec,, 1937. A 

very dainty species from the Upper Mossman River jungle near Mount Spurgeon, 
north of Cairns. When not in bloom, the plant might easily be mistaken for 
D. Adae, though less robust; but the flowers are very different. They are of 
moderate size, and of a rich apricot colour; the labellum is densely pubescent, with 
purplish-red markings. Like D. Adae, this species is quite amenable to ordinary 
bush -house conditions, even in much cooler climates than that of its native habitat. 

29. D. FusciJM Fitzg. in SMJi., Sept. 24, 1879, et Gard. Ghron, (1879), II, 680; also Pitzg. 
iiied. No, 83. Fitzgerald's locality note merely gives “North Queensland”. The 
species has been collected by J. 8. Edgar at Port Denison. It is apparently rare. 
A robust plant up to 90 cm. high, with slightly fusiform stems bearing leaves on 
the upper portions only. Flowers about 12; sepals about 2 cm. long, red-brown with 
lighter edges, not undulate; petals longer, darker, undulate In the upper half; 
labellum half as long as the petals, linear, lateral lobes Incurved, mid-lobe minute, 
longitudinal calll of the disc 6. The species appears to be closely related to 
D. nndulatum R. Br. 

80. D. GotTLDii Rchb. f. in Gard. Chron. (1867), 901, et in Xen. il, 167, t. 169; J. J. Sm. 
in Nov. Guin. vili, 67, t, xxlU; Krzl., Fftanz,, 166. Little is known of this species In 
Australia. Reichenbach’s description Is meagre. He records a variety, var. acntum, 
and it is this which is believed to be an Australian plant; but J. J, Smith, who gives 
the record “Thursday Island” for the species, says nothing of the variety. Reichen- 
bach merely says that D, Gouldii is one of the numerous “Polynesian” discoveries of 
John Gould Veitch, in whose honour he named it. In the Sydney Herbarium there 
is a specimen, collected by someone unknown at Thursday Island in 1897, which 
Rupp considers to be this species, though he found it labelled D. JohannU. The 
flowers are much larger than those of the latter, and the labeHum agrees almost 
perfectly with Smith’s figure, loc. clt. 

31. D. OHACIUCAULK F. Mucll. Fragm. I (1869), 179; A.O.R., Sept., 1940, 72; Fitzg. Ined. 
Nos. 22, 23. Syn. D. clongatum. Gunn, (not of Llndl.); D. bHsb<mense Kchb. f. 
Formerly very common in many coastal forests of N.S.W., but now chiefly found 
north of Port Jackson. Extends to tropical Queensland; also in Lord Howe Island. 
The plant varies in height from 26' to 90 cm. Stems very slender. Racemes short, 
in the type form with small, fragrant yellowish flowers more or less blotched outside 
with red-brown. 

Var, Hotveanum Malden In these PBOoisBpxnos, Part 3 <1889), 382. This is the 
Lord Howe Island form; but some years ago a plant appatwtly Identical with It was 
collected by Dr. C. H. Jaede at Mangrove Mountain near Oosford^ NJ51*W* The 
flowers are a rich creamy-yellow withom any biotdhes; they hnve a 
perfume; and there is a greater development of leavea. 
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32. D. uBAOiixiMtm Kupp, Viet. Nat. Ixl (1945), 200. Syn. D. speciosum Sm. var. 
gracitlimum Rupp in these Pkooeediwob, Hv (1929), 550, et OrcK N.S.W-i 114; A.OM. 
June, 1940, 63. This plant resembles a very robust D. gracilicatile, but the flowers 
are far more like those of D. ipeciosuntf except that tb<t^ perianth-segments are 
barely half as long as in the latter. In all probability It originated as a natural 
hybrid between these species. Flowers vary in colour from white throxigh cream 
to deep yellow. It Is thought that the white-flowered form may be Identical with 
Bailey’s JJ. npeciosum var. nitulum (Proc. R.S.Q.y 1 (1884)), and a further suggestion 
has been made that Rendle’s D. Joneitii (see No. 2 above) is the same plant, Bailey 
gives ‘’Tropical Queensland" as the habitat of his var. nitidum. Nothing resembling 
it has been seen by us from that area, although it lias been looked for. But his 
description does agree fairly with the white D. graeillinium of southern Queensland 
and northern N.S.W. Unfortunately there are no certified specimens of var. 
nitiduin in existence. Rendle’s D. Jonesii was named from a plant sent to England 
from Innlsfail in North Queensland, which flowered in Surrey in 1899. His descrip- 
tion agrees very well with the creow-flowered Z). gracilliTnum, But we have seen 
no plant from tropical Queensland which could possibly be determined as this 
species. We do not question the occurrence of either D. specioaum var. nitidum or 
D. floneHi in the areas recorded by Bailey and Rendle; but we think actual specimens 
are required In order to determine whether they are identical with each other and 
with D. gracillUnum. Until this point is settled, the last-named species must be 
allowed to stand. 

88. D. Gbimebu White and Summerhayes In Kew Bulletin No. 8, 1934, p. 106. The 
affinities of this rare species are with D. teretifolium R. Br., to which it bears a 
considerable resemblance. The leaves are thicker, and the floral characters differ 
in important respects. The sepals and petals are shorter, and the former are 
S-nerved, not 5-nerved. The mid-lobe of the labellum is marked by 6 sub-parallel 
longitudinal veins, but is completely devoid of lateral veins at right angles to them. 
The species has only been found at Lake Barrine on the Atherton Tableland, in 
north Queensland. 

84. D. HorxRt.TNon Krzl. in Schumann and Hollrung, FI, Kais, Wilh. Land (1889), 32. 
The only form in which this plant is known to occur in Australia is var. auRtralienae 
Rendle, Joum. Bot. xxxvli (1899), 339. Rendle's tyiMj was collected at Innisfali, 
north Queensland, and sent to England, where it flowered at Ewhuret, Surrey, in 
1899. In 1946 Hunt received a plant collected by Mrs. Eunice Kirkwood at El Arlsh, 
Cairns district, which flowered in October. This is the only record since Rendle’s 
description was published. D. HoUrungii is closely related to D. Bmilliae F. Muell., 
and the Australian form may perhaps have been occasionally mistaken for that 
species. The flowers are a dead, waxy white, tipped with shining green, and 
having some crimson markings on the column. They are in a conical cluster on 
short, erect racemes, Bailey mentions Rendle’s variety in his "Comprehensive 
Catalogue of Queensland Plants", 1909. We include this plant under the name given 
to it by Rendle; but we venture to suggest that further investigation may show the 
desirability of transferring it to D, Bmilliae. Bo far as we can Judge, there is 
nothing In its character which would debar it ftom inclusion within Mueller's 
species; and it seems to us far more likely that it had its origin in variation from 
this Australian orchid (which occurs In the same area), than from a species of an 
area in the north-western parts of New Guinea. 

85. D. JoHANiris Echb. t, Gard. Chron. 1866, 890, et Xen. 11, 166; Benth. 279; Ball. 
Q. FI. 1626; Bot Mug. t 6640. This species is obviously related to Z), undulatum 
H. Br., but Is a much smaller plant It varies considerably, but so far as we know 
only one VEriety has been named. In a form from the Torres Strait islands repre- 
sented in the N.S.W* National Herbarium, the perianth segments are relatively very 
broad * and a speolmen In Rupp's ooUeotton there, collected by (jk>adby near Oalms 
iposslbty in <niUiyntlony,^ him very large flowers; The typical form is multi-coloured; 
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a rich brown 1« predominant, but yellow, green, and red tintR are Xreauent. The 
apeoles is found chiefly in the far north of Queensland along the Cape York Peninsula, 
^ extending to the Torres Strait Islands. 

Var. semifiiscun Kchb. f., 0ard, Vhron. 1882, 268. Petals pale brown. Cooktown, 
north Queensland. 

36. 0. KmoBnn Bail., Proe. RM.Q. 1 (1884), et Q, FI 1580. The opinion has been 
expressed by some botanists that this plant and 0. Baileyi P. Muell. are conspeclflc. 
As indicated above, we have not been able to obtain specimens of 0. Baileyi, and are 
therefore not in a position to state any view of the relations between these two. 
But we wish to point out: (1) that Bailey himself discovered the plant which 
Mueller, in 1874. named after him; and (2) that Bailey named and described 
0. Keffordii ten years later. We think It extremely unlikely that a botanist of his 
calibre could be so forgetful of the plant which bore his own name, ae to describe 
it under another name. 

A fine plant of 0. KeffordU was received by Rupp In 1946 from Cape Tribulation, 
50 miles north of Cairns (coll. W. W. Mason Jun.). It flowered in Pebruary, 1947, 
and from the observations made since its arrival, we submit the following descrip- 
tion supplementary to that given by Bailey. (Text-fig. 2.) 

Stems of wiry texture, no thicker than that of a fishbone fern {l^ephrolepia) , 
numerous. Leaves linear-lanceolate, unequally and very minutely emarginate at the 
tips; dimensions very variable, but those given by Bailey are rather above the 
average. Flowers In pairs, yellowish-green outside with a few dark spots or streaks, 
inside densely speckled with dark reddish-purple dots; perianth segments all filiform, 
the newly opened flowers resembling those of 0. tetragonum var. Haymianum. Disc 
of the labelhmi with a single rather broad longitudinal callus, more or less chan- 
nelled along the lower* portion, widening about the junction of the lateral lobes, and 
almost covering the surface of the mid-lobe inside its fringed margins, but not 
reaching the apex. Within a few hours after the expansion of the flowers, the 
filiform sepals and petals begin to curve inwards and to twist like miniature cork- 
screws, finally becoming entangled round the labellum and column. The flower 
remains alive in this curious tangle for several days before withering. In none of 
the flowers observed was the process- just described due to pollination, for every 
anther remained intact throughout. Is It possible that in its native habitat the 
flower is quickly visited by some pollinating agent, and has developed this tangling 
process to prevent further Interference with the gynostemlum? It may reasonably 
be objected that if the flower is not pollinated, the stimulus required for the process* 
would be lacking. But what other explanation can be suggested? 

/), Keffordii is found in the mangrove scrubs of the North Queensland coast. 
KranzlJn, In Pfiunz. 174, gives as a synonym 0. Arwlfiac Ball. {Q,AJ. iv (1899), 
48 ) ; but we cannot endorse this. Bailey’s description of D. Armitiae — from New 
Guinea — implies floral characters which we regard as irreconcilable with those of 
0. Keffordii, 

37. D. Kkstkvknii Rupp, in these PmiOKEiuNGS, Ivl (1981), et ibid., Ivlil (1988), 228, et 

in Orch, 114, et in A,O.R„ Dec., 1939, 124. Reference has already been made 

to this species under 0, to which It Is obviously closely allied. The 

pseudobulbs of 0. A'cjsfctniutt are more consistently robust, and of a paler green; the 
racemes are stronger and more erect; and the flowers do not expand so widely. The 
only named variety has no counterpart in the variations from the type of 
0, delicatum. Both species and variety appear to be confined to the BuUahdelah 
district, north of Port Stephens, N.S.W. 

Var. coloratum Rupp, in Orch. Lc, Stems dwarf, very crowded, curved, 

Flowers mottled and suffused with rosy pink. Petals almost acuminate* 

88. 0. Kikoianum Bidw. in Lindl,, Bot. ieep. (1844), Misc. 11; ibid. (1845)* t. 61; Bbt 
Mag. 4627; Benth. 280; Ball, Q. FU 1628; Onh. PWe-xx, T^14 v*rlt(bk: 

epneies is favoured by growers for its bright (uAoul im pkMing perlu2ae^ 
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easy cultivation. It Is essentially a rock orchid, growing freely, often in extensive 
masses, on ledges or In crevices of cliffs, or sometimes covering the whole face of 
' a rock. In view of Its hardy nature and Us abundance In many localities. Its range 
of habitat is surprisingly restricted. We have no definite record of lie occurrence 
south of Port Stephens in N.S.W. From there it extends northward as far as the 
Glasshouse Mountains In southern Queensland. The plants vary greatly in dimen- 
sions, often exceeding 40 cm. in height, but Just as often I’eaching only 12 cm. 
Flowers on the dwarf plants are as large as those of the tall form. They vary in 
colour from pure white (rare) through several shades of pink and purple, to deep 
mauve. The named varieties are: 

Var. palliduw^ Bail. In Proc. RM,Q. i (1884). Stems weak, up to 22 cm. high. 
Racemes with very pale lilac flowers, 

Var. ^?ilcocfcu Ball,, Q. FJ., l.c. Stems robust, light green, up to 35 cm. high. 
Flowers white with a purple labcllum. 

Var. Aldersoniae Ball, in QAJ^ xv (1005), 781. Flowers white, pale purple 
spots on the sepals, and jmle purple labellum. 

Var. puicherrimunv Rupp in Orcft. N.S.W.^ 116. Stems crowded, usually dwarf 
but robust; flowers deep mauve. 

D. Kingianum exhibits a tendency to produce aerial growths more freely than any 
‘Other Australian species. These often flower before dropping from the parent plant. 
The form with pure white flowers is generally regarded as an albino. It occurs 
sporadically wherever the species Is found, and has occasionally been mistaken for 
D, delicatum, but the latter is a much larger plant, with pink tints in the flowers. 

We cannot agree with Kranzlin in reducing D. subquadratum J. J. Sm. to a 
variety of /). A'inptanuw (P/lan«, 274), Not only is it extremely unlikely that a 
variety of the latter should occur in New Guinea, more than 1,500 miles from tho 
Glasshouse Mountains; but the floral details of I), fiuhquadratum as shown by Smith 
in Nov. Onin. viii are very different from those of D. Kingianum. 

39. D. ucHENASTRtrM F. Muell. Fragm. vii (1869), 60 (nomen) ; Krzl., Pflanz. 289; 
Nicholls in N.Q. Nat., Sept, and Dec,, 1938. Syn. Bulbophyllum^ Uchenastruni 
F. Muell. Fragm,, lx,; Ball. Q. FI. 1537. Mueller had apparently placed this diminu- 
tive plant first in Dendrobium, but he described it as a Bulbophyllum. Kranzlin 
places it in Dendrobium. Following is a free translation of his remarks: *'Ab 
F erd. Mueller rightly suspected, it is more satisfactory to ascribe this little plant 
to Dendrobium. The form of the labellum Is perhaps, after a fashion, similar to 
that of Bulbophyllum, nevertheless it is not the same. Except for the labellum, all 
the characters indicate the section Strongyle” (i.e., in Dendrobium). NichoUs was 
apparently not aware of Kranzlitt's treatment of the plant when he transferred It 
to Dendrobium in N.Q. Nat., l.c. His figures of the floral details show close affinity 
with his own D. aurantiaco-purpureum, but the leaves are very different. There cun 
be no doubt, as Nicholls states, that Fitzgerald misinterpreted Mueller's BulbophgUum 
lichenaBtrum. The specific name is remarkably apt, and a patch of this tiny plant 
growing on a rock might easily be mistaken for a lichen or a liverwort. On the 
other hand, there is no such resemblance in the plant depicted by Fitzgenild. 
B. Uchenastruni is probably the smallest known species of the genus. The creeping 
rhizomes form dense patches on trees or rocks, and are concealed by the very 
numerOFUs, thick leaves, barely l cm. in length, and often as broad as long. The 
diminutive solitary flower, on a relatively long pedicel, is whitish with branching 
red lines, and an orange labellum. The species Is not uncommon about the Bellenden 
Ker Kange and the Atherton Tableland in North Queensland. (Text-flg. 3, B.) 
iO. D. rawoviFOEME Sw. in K. Akad. Stockh, N. Handh (1800), 247; Bm. Boc. Bot. I (1804), 
t. U; Rupp, mustr, Ih Gttide to Orch. N.JS.W. (1980), 31. This was the first 
Aimtraiian to be described. The author, Swartz, was also the founder of 

the genuk/ ' D was named from its thick, tongue-Uke leaves* It creeps, 

- liften in larf a masB^ on rocks or trees, and is cotmnon in many districts of eastern 
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Auatmlla from Bouthevn N.S.W. to tropicfil Queensland. The short raoemoe of 
densely set white flowers are very attractive. A yellow-floweHng form has been 
recorded in northern N.S.W. (Fordham, at Brunswick Heads), but has not been 
named. 

Var. Nugentii Bail. Q, FI. 1633. A north Queensland form with almost rotund 
leaves and smaller flowers, 

Var. Hwnfionttw Rupp in A.O.U, Sept, 1942, 40. A form from the Upper Brisbane 
River, Queensland, blooming two to three months earlier than the type form. Leaves 
often very long; Inflorescence approaching that of var. Nugentii. In continued 
cultivation this variety shows a tendency to revert to the type form. 

41. O, LOTKooiMtTM Kupp in N.Q. Nat.^ Dec., 1946. This species was discovered at 
Babinda, North Queensland, by J. H. Wilkie In October, 1945. It seems to be closely 
related to several New Guinea species described by Bchlechtor in Fedde, Rep. i 
(1914), 573--618, but Is sufllciently distinct for specific rank. A rather tall plant with 
leafy, somewhat flatteiuHi stems. Flowers a little more than 2 cm. in diameter, in 
pairs, yellowish-green, very fugacious. Labellum with u conspicuous patch of yellow 
cilia near the apex of the inid-lobe. (Text-flg. 4.) 

42. D. Mortu I*’’. Muell. Fragm. 1 (1858), 214; Rupp in Nat., August, 1934, 51. et In 
A.O.R., Sept., 1941, 57. Syn. D. Boivmanii Benth. 286. Bailey correctly describes 
this species in Q, FI. 1634, but then strangely proceeds to a description of Bentham's 
D. Bowmanii, which he distinguishes from it. Bent ham most evidently mixed up 
Mueller’s specimens of L), Beekleri and D. Jfcforfii; he suppressed the former, but 
described it as D. Mortii, and then established a new species, D. Bowmanii, from 
north Queensland specimens of D. Mortii. There is no appreciable difference* between 
the northern and southern forms of this species. The leaves of the former are a 
trifle more robust, and the labellum is more obtuse, D, Mortii is one of the so-called 
’Pencil Orchids”, allied to, but quite distinct from, D. Beekleri and IK atriolatum. 
An interesting characteristic Is its production of several "crops” of flowers in succes- 
sion, from late January to April or May. It extends from about the Clarence River 
in N.S.W. northward into the Queensland tropics. 

43. D. opHiooi.ossuM Rchb. f. in Jowm. Linn. fioc. London, xv (1877), 118; KrzI., Pftanz. 

135; C. T. White in A.O.H., June, 1943, 19. It is difficult to give any satisfactory 
account of this species. It has been known only from a solitary specimen In Kew 
Herbarium, collected at Cape York In 1874 by H. N, Mosely of the "Challenger'' 
Expedition. It was described by H. G. Reichenbach from this specimen. Kranzlln, 
I.C., stated that the specimen was in very bad condition; but be disagreed with Rolfe, 
who had expressed the opinion that it was Identical with V. In A.O.R., l.c., 

White published an article (Illustrated by a very fine photograph) under the beading 
"Has 1). ophioglossum been re-discovered?”. The re-discovery, however, If such it be, 
is not in Australia, but in the Solomon Islands. A plant from there was successfully 
grown by C. A. Dunn In Brisbane. White admits certain differences In the floral 
details of this plant from those described by Reichenbach and Kraazlln; but It seems 
to us that these are such as might be accounted for by the difference between a 
damaged and long-dried specimen and a living flower. We think that White makes 
out a good case for the Identity of the Solomon Islands plant. If he has interpreted 
it correctly, there can be no doubt that D. ophiogloBsuni and D, Bmitliae are distinct 
species. Habit and inflorescence are similar, but the individual flowers are quite 
different. The Solomon Island flowers appear to us to be neafer to those of the New 
Guinea D. hravteosmn. It Is to he hoped that D. ophioglosmm will be found again 
In its type locality. Dr. H, E. Young, who contributes an article on the orchids ol 
Cape York in A.O.R., March, 1947, apparently saw no plant there which could be 
interpreted as this species. 

44. D. PHALAEJsropeis Fitzg. This has been dealt with above under D. bigibhum, 

45. D. Prexticki (F. Muell) NicholJe ih Nat, Sept and Dec,, 1936. . Syn. 
phyBum Pfenticei F, Muell. in Wiwp's S, Set iecc, 1881, 179/ Thie ts^i^ 
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dlmlltiutive North Queensland orchids which Nlcholls, l.c., places In Dendrohium. In 
allusion to this species he remarks, “It is difficult to assign this plant Batlsfactorily 
to either Bulhophyllum or Dendrohium*\ and then suggests that the absence of a 
pseudobulb should exclude it from the former genus; but we have alieady pointed 
out in connection with 1). aurantiaco-purpureum that this argument is not sound. It 
might be urged with equal force that the lobeless labellum should exclude it from 
Dendrodium ; but we cannot bind plants to hard-and-fast rules, and as there are 
species of liulbophyllum without pseudobulbs, so there arc species of Dendrohium 
with entire labella. For ourselves, we endorse Nicholls's transfer of this plant 
mainly on the ground of Us very obvious close affinity with />. aurantiaco^purpureum, 
/). lichenastruni, and D, variahile. If, as we believe, these three are rightly assigned 
to Dendrohium, it would be absurd to place D. Prenticei in a different genus. Indeed, 
we do not feel sure that /). aurantiavo^purpureum, which appears to be the mrest of 
the plants in this group, might not with advantage be considered a sturdy variety 
of D. Prenticei. The morphological distinctions do not seem to be great, (Text- 
fig. 3. D.) 

46. D. ScHNEtPEKAK Bail, in 2}ui Hiippt. lHynopsis Q. PI. (1888 ), 57, et Q. FI. 1B31, This 
small species, which is found in southern Queensland and northern N.S.W., might be 
mistaken for a depauperate form of 1). monophyllum, but the pseudobulbs are smaller 
and the leaves are more often paired than solitary. The racemes are weak and 
drooping, with a few small yellowish flowers. The only known variety is a far 
more attractive orchid than the type form. 

Var. major Rupp in Q. Nat., Jan., 1939. Discovered in the Fungella Range, 
Mackay district, Queensland, by Dr, C. P. Ledward in 1937. Larger than the type 
form; racemes strong and erect, but gradually curving, up to 18 cm. long; flowers 
similar to those of the type, but from 12 to 25. 

47. D. Smju.i.veF. Muell, Fraym. vi (1867), 94; Rchb. f. in Gard. Vhron. (1886), 11. 652; 
BeiUh. 282; Bail. Q. FI. 1630. Syn. Coehmdriu SmilHae Fitz. A.O, i, 7. Fitzgerald 
thought this BO unlike any species of Dendrohium with which he was acquainted 
that he established a new genus to accommodate it. His action, however, has not 
been endorsed. Quite a number of Dendrohium species share its peculiar form of 
inflorescence. It Is closely related to D. Hollrungii, and in our note on that species 
we have suggested that Rendle*s D. Hollrungii var. auHtralicnse might be transferred 
to the present species. D. Hmilliae is a robust species up to 90 cm. high. The 
flowers are borne in small, densely-packed racemes; Individually they are not large, 
but the racemes are often borne in great profusion. Relchenbach, l.c., gives a 
glowing description of the beauty of this orchid. The flowers are red, tipped with 
green. The individual flower is tubular above the spur, and the perianth segments 
arc free only towards their apices. Capsules waxy-white. The species is not 
uncommon in North Queensland. 

48. D. HPECiosvM Sm. Ex. Hot. I (1804), 17, t. 10; Benth. 279; Ball. Q. FI. 1526; FiUg. 

A.O. li, 4; Bot. Mag. 3704; Oreh. N.8.W. 113; A.O.JK. March, 1937, 7, et Sept., 1946, 66. 
Bentham remarks on the misrepresentation of the flowers in Sir J. K. Smith's plate; 
and Indeed they are almost unrecognizable. Although this fine species, ranging fronj 
eastern Victoria northward Into the Queensland tropics, is familiar to many people 
under the inappropriate vernacular name of “Rock Lily", it presents great difficulties 
to those who wish to see distinguishing names attached to its numerous varieties. 
Botanists have attempted to meet this demand, but with indifferent success, the 
variations being so often Inconstant. Three forms which were originally described 
as varieties of D. ^peciomm> are now recognized as species, viz,, D. fusiformc. 
D. deUcatum and D. grmitUmum. On the other hand. Hooker's D. HilUi Is now only 
ranked as a variety of D. specAomm with tall stems and smaller individual flowers. 
Bailey, Lc*. records three varietles-^HiRii, mrtdcaule and ntttdi/m“*and two “forms" 
of var. apd Kranzlln (F/lons, 271) Identifies 

formd D. deliaatum; but we cannot endorse this, as Bancroft 
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tianuni 1h described by H. G. Reicbenbaoh as a plant with the robust habit of 
Z). spectosMw, the floral segments longer and narrower. Why Bailey placed his 
farm grandiflorum under rar. HilUi and not under the species itself is not clear. 
We have not seen hie var. curvicaute; but from the description he gives, it would 
appear to merit more than varietal rank. His var. nitidmt has been discussed in 
connection with Z>. gracilHmum above, as it may prove to be the whlte-flowerlng 
form of that plant; but no specimens are known at present, 

49. D. stTPERBiKNS Rchb. f. in Oard. Chron. (1876), II, 616, et ibid. (1878), I, 40; Krsl., 
Pftanz. 258; Fltzg. A,0., li, 1: A,OM, Dec., 1989, 111, This well-named species is 
considered by some botanists and growers to be of hybrid origin, D, higihhum var. 
PhaJaenopsia x D, undutatum. Bailey, In FU 1524, distinguishes between it and 
Mueller's D. Fitzgcraldii, which he considers to be the subject of Fitzgerald's plate; 
but it is generally conceded that the two are synonymous. D. auperhiens exhibits 
considerable variation In shades of colour between purple and red, and in some 
forms the segments of the flowers are more undulate, or even twisted, than in others. 
H. G. Relchenbach's V, Ooldiei (see excluded species above) is a form of D. mperhiens 
with deep purplish-red flowers and very slight undulation In the floral segments. 
Fitzgerald's splendid plate is an admirable representation of this very beautiful 
species as it Is moat commoniy known to growers. We do not know of any definite 
reconi of Its occurrence on the mainland of Australia, but it is found on the adjacent 
islands of Torres Strait. In Dr. H. B. Young’s article on the orchids of Cape York 
already referred to (A.O.H. March, 1947), he does not mention seeing It on the 
Peninsula, though both of Its putative parents were abundant there; but he found 
it on Prince of Wales Island. 

60. D. TENOissiMUM Rupp In these Pkoceeoings, 111 (1927), 570, et In Q. August, 
1984, 62. This dainty species Is closely allied to D. Mortii and D. BeckleH, but could 
not be included in either. It was described from specimens found on the Upper 
Allyn River, in the southern foothills of Barrington Tops, N.S.W., but has been found 
since then in other localities, northward to the mountains of southern Queensland. 
It is discussed here chiefly to call attention to the fact-recorded In Q, Nat., Lc.— - 
that Mueller recognized it as a distinct species as far back as 1883, but never 
published It. This was not known to Hupp until seven years after he had described It. 

61. D. TOtETumttTM R. Br. 333; Benth. 286; Bot, Mag, 4711; Ball. Q, FI, 1583; Rupp in 
these Proceedinos, lx (1936), 155; A.O.R., June, 1943, 34. 'This species was discussed 
and reviewed at some length In these pHocEKiuisoB, l.c., where a third variety was 
added to the two recorded by Bailey in Q. FI, The type form, with white or pale 
cream flowers, is common in N.S.W. from the south coast northward to Byron Bay. 
There for the first time appears the yellow-flowering var. awrewwr which becomes 
the dominant form In southern Queensland. Further north it disappears again and 
the north Queensland var. fasciculatum has white flowers, but in a strikingly different 
inflorescence. Var. Fairfaxii, for which Bailey seems to have mistaken this northern 
form, is now regarded In N.S.W. as the rain forest form of the species. Intermediates 
between It and the type form may often be found where rain forest meets open fore«t, 
but the latter Is very rarely seen Inside the rain forest. All the forms of 
Ih terr.iifoHiim tend to produce giant and dwarf flowers. This habit, of course, is 
found in many other orchids, but It is certainly very characteristic of the present 
species. Even on the same tree, one plant may have flowers twice as large as those of 
Us neighbours. Although the individual flower is furnished with very attenuated 
segments, the profusion of the racemes makes D, feretifoHum a. most attractive 
species when In full bloom, and has earned for U In some districts the rather 
appropriate vernacular name of "Clematis Orchid". One of us remembers a «Waint»- 
oak on the Myall Lakes in N.S.W. which in August oould clearly idOntlfl^ from 
the hills four miles away, by the masses of showy blobms hanging f rom 
branches. He estimated that the tree carried at least 
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52. D. TETBABOIYUM Cuxiu. In Ltndl.» Bot Meg, (1839), Miac. 38; Benth. 279; Bot. Mag, 
5956; Bail. Q, FI, 1627; Orch, N,S,W. 117; Gilbert in A.O,n, Dec., 1937, 19, et ibid. 
June, 1942, 36; Nicboila in A,OM, 8ept., 1942, frontiapiece and p. 40, This is the 
only Australian Dendrohium with quadrangular stems, and is therefore easily 
identified by this peculiar character. Dike so many other species, it is very 
variable. Four varieties have been named, three by Gilbert, A.O.H,, l,c,, and one 
by Nicholls in the same journal. The range of the species from south to north 
is much the same as that of D. teretifolium, but it does not extend so far from the 
coast as the latter. Like that species, it produces giant and dwarf flowers; but in 
each of the known forms, allowing for a slight margin either way, the floral 
dimensions remain constant. The type form has the smallest flowers; this Is the 
* common N.S.W. form. Gilbert’s var. Hayesianam was discovered In the lllawarra 
district south of Sydney, but though comparatively rare, It Is now known to have 
the range of the species. It is In Queensland, particularly in the north, that the 
giant flowers are most in evidence. Expanded sepals of var, gigdnteum have been 
measured 28 cm. from tip to tip. These large flowers are also more richly coloured 
than the small ones. Often they bear a striking (but superficial) resemblance to 
those of the terrestrial Caladenia Patersonii, and like the latter, the species is 
sometimes called “Spider Orchid“. Nicholls’s var. tomentosum Is one of these 
northern “Spiders”, its varietal name alluding to the unusual tomentose labellum. 
The plate in Bot, Mag., l.c., shows flowers somewhat similar to those of var. 
Hayeaianum, but more robust. A form with small cream flowers is reported from 
Proserpine, North Queensland; but we have not seen this, and the report has 
come too late to enable us to give any definite information here. 

58. D. UNDULATUM R. Br. 332; Llndl. Oen, and 8p. Orch. 87; Benth. 279; Fltzg. A.O. ii, 8; 
T. T. Taylor in A,O.R. June, 1944. Syn. D. discolor Lindl. Bot. Reg. 1841, t. 62. 

This is the “Golden Orchid" of Queensland; and we cordially commend Taylor's 
article just cited as an admirable account of one of the largest and most spectacular 
plants in the whole range of DendroUum species. Those of us who know 
D. vndulatum only from occasional specimens seen in orchid exhibitions or private 
collections can form little Idea of the magnificence of this regal plant in its native 
habitat, so ably described by Taylor. It is not easily cultivated outside the tropics 
unless assisted by artificial heat; yet in its native haunts it is exceedingly hardy, 
braving the elements on wind-swept mountains, or often clinging to bare rocks 
where it is splashed by the salt spray of wild seas. Sometimes It exceeds 6 m. in 
height. The flowers, borne profusely on large racemes, are a rich golden brown or 
bronsse colour. The plant exhibits a marked tendency to produce “multiple” flowers, 
sometimes with their segments joined hack to back, or sometimes with 8 to 10 
undersized flowers massed together on one pedicel, forming a miniature raceme 
within a raceme. The species Is found northward from Port Curtis to Cape York, 
and is abundant on many of the islands off the Queensland coast. It extends to New 
Guinea and the Solomon Islands. The specific name is of course in allusion to the 
characteristic undulation of the perianth segments. 

Var. ftmhrilahium Rchb. f. In Oard, Chron, (1878), I, 40. Lateral lobes of the 
labellum fimbriate. 

Var. BroomlieXdii Fltzg. A.O, U, 3 (double-page plate). Stems rather angular; 
flowers bright canary-yellow. 

54, D. VAaiABThK Nicholls In V.Q. JVaf, Sept and Dec.^ 1938. We confess that we find 
(sonsiderable difficulty in reaching any satisfactory conclusion about the identity of 
this diminutive species. The author directs attention to an error In the key 
V accompanying his plate, where D. paria&ile is named B, dimorphurn. It is figured 
along with D. Mohenoafrawt and D, Prmticei, The close relation between the latter 
. ; and B. variahiie is evldentf D. Prcntfcei showing teas variation In. the form of the 
1^ shorter pedicel for the flower. But with living plants, of 

v specimens from the Atherton Tableland and other 
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Text-fig. 4 . — Dendrohium luteocilium. Inset: Upper surface of labellum (enlarged). 
Text-fig, 0.7— I>eHdT*ot»i«fn Wilkiamtm. Inset: Upper surface of labellum (enlarged). 


North Queensland areas, we do not And it so easy to distinguish between the species 
as Nicholls's plate would suggest We recognize that this group of small orchids, 
which includes D, aurantiaco-purpureum also* presents a very formidable problem 
in taxonomy; and it is with full appreciation of the value of his efforts to solve that 
problem, that we again express the hope that NlchoUs will yet give us a more 
complete exposition of the solution he considers he has reached. (Text-Ag. 3, C.) 

0. WinKiAmjM Rupp In N.Q. Nat., Dec., 1941, and March, 1942. This species was 
discovered by G. Bates and Kerns in the Cairns district of North Queensland In 
1934; but was not described until J. H. Wilkie sent a living plant from the same 
area (Babinda) In 1941. It is a robust plant, in habit somewhat resembling a 
gigantic D. aeniulum, but the Aowers are very different. They are comparable in 
size with those of D. undulatuni or i>. fuscum, and the afAnitles of the species appear 
to be chieAy with the latter; but there is neither undulation nor twisting in the 
perianth segments. Racemes carry from 3 to 12 Aowers of a dull brownish colour, 
the labellum being yellowish-green, traversed by numerous dark red lines across the 
lateral lobes. (Text-Ag. 6.) 

Doubtful Species. 

D. QrAUtin.OBUM Rolfe in Keu> B«n., 1896, 44; Rupp in N.Q. Nat., March, 1942. Late in 
1941 Rupp received from the Brisbane Herbarium a small specimen consisting of a 
few pseudobulbs, one mutilated leaf, and two perfect Aowers. It was obviously a 
Dcndrobium^ and was collected by K. Kennedy 20 miles west of Faluma, which ie 
about 60 miles from Townsville, North Queensland. It was very distinct from any 
known Australian species, and Hupp proposed to describe it under the name 
D. i;uadril 0 bumy In allusion to the conspicuously biAd middobe of the Ibbeiluitt, 
v^lch gave that segment the appearance of being 44cbed, Diseovei'ing, 
that this name had been already used by Eotfe* he studied the descrliudon 
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Holte !n Kew Bull.f lx. The name was applied to a plant received 'from Australia, 
but no locality was given; and Rolfe expressed the view that it came from New 
Guinea or one of the adjacent islands. The description of the flowers seemed to lit 
Kennedy's plant pretty well. But Rolfe assigned his species to the section Oadetia, 
which has since then been removed from Dendrobium and restored to generic rank. 
It would be Quite out of the question to place the Paluma plant in Oadetia, It is a 
genuine species of Dendrobium, and in Rupp's opinion belongs to the section 
Outfibertsonia. The flowers are large in proportion to the plant; the longest pseudo- 
bulb of the plant in Rupp's collection at the Sydney Herbarium measures 3 cm., and 
the flowers are 2 cm. In diameter. We cannot be sure, then, whether this plant is 
really Rolfe's Z), gmdrilobuni or an undescribed species. Unfortunately the speci- 
mens which Kennedy had in cultivation were destroyed by rats, and he has been 
unable to find any more plants which can be definitely Identified with those of 1941. 
He has sent down one obtained about five miles from the original locality, but this 
appears to us to be a very young plant of D. fusiform, e; at all events, it Is unlike 
the 1941 specimens. For the present, therefore, the Identity of the Paluma species 
is doubtful; but since It was unquestionably found growing in Australia, and cannot 
be included in any known Australian species, we think It right to record it here. 

In the above review we have not attempted to provide detailed re-descriptions of the 
Australian species of Dendrobium, but with few exceptions have confined ourselves to 
Indicating the salient points of distinction. On the whole, our paper may be regarded 
as an expansion and revision of White's synopsis in A.O./f., loc. cit. We hope that it 
may serve as a stepping-stone towards some future exhaustive monograph on the 
Australian Dendrobilnae. The author of any such work may find it helpful to bo spared 
the necessity of investigating the excluded species of Dendrobium which we have 
enumerated; and to have available in one publication the notes and references provided 
above. The time Is not yet ripe for such a monograph. Not only is it likely that new 
species of Dendrobium still await discovery; but considerable additions will almost 
certainly be made to the number of Australian species of the allied genus Bulbophyllnm, 
which, although placed by Pfltzer in a separate tribe, approaches very closely to 
Dendrobium in Australia, and might well be dealt with in the same publication. 

In conclusion, we desire to express our thanks to all those who, either by sending 
specimens or answering inquiries or offering suggestions, have made this review possible. 
It has Involved upward of seven months of investigation, and without the help of our 
many friends we could not have carried It out. We must also acknowledge our great 
Indebtedness to the libraries of the National Herbaria In Sydney and Brisbane, where 
we have had access to nearly all the publications to which we have made reference. 



LARVAL SMARIDIDAE (ACARINA) FROM AUSTRALIA AND NEW GUINEA. 

By R. V. SotJTHOOTT, M.B., B.S., D.T.M. A H. (Sydney). 

(Eight Text-figures.) 
tRead 24th September, 1&47.I 

The first larval mite proven to belong to the family Smarididae Kramer 1878 was 
that of Smaris prominent (Banks, 1916), a species widely distributed In Australia. It 
was referred to this family by Womersley and Southcott in 1941, following experimental 
rearing of larvae taken in the field, parasitic upon the Psooopteron Troctes divinatorius 
L., to nymphs, which were easily correlated with adults taken In the same locality. 

The genus ffauptmannia was erected by Oudemans in 1910 for his Achorolophus 
loiigicollia, a larval prostlgmatid mite from Friesland, in Holland, described earlier in 
the same year. A second species, H. hrevicoUis Ouds. 1910, from Holland, was also 
referred to the genus. No further species were referred to the genus until 1934, when 
Womersley briefly described two species from Western Australia. Hauptmannia was 
referred to the family Erythraeldae by both Oudemans and Womersley. In 1946 
Southcott pointed out that all larvae proven as Erythraeldae had the two lateral claws 
of the tarsi of the legs dissimilar, whereas In Smaris the lateral claws are identical, 
heavily ciliated, and that in Hauptmannia the lateral claws are Identical, though 
unclUated. This similarity iiv arrangement between lafval fiimaris and Hauptmannia, 
plus the difficulty in fitting Hauptmannia into a scheme of larval Erythraeldae that was 
the result of a considerable amount of experimental rearing, caused the writer to suggest 
that Hauptmannia should be referred to the Smarididae, and on grounds of its 
geographical distribution, was possibly the larva of Hirstioaoma Womersley 1934. 

In this paper Womersley’s two Western Australian species — Hauptmannia 
weatraliensU and H. nmllewaensis — are re-described. A further species, H. aitapensis 
n, sp., from New Guinea, which is quite close to the genotype, is also described. 

An aberrant larval prostlgmatid mite from New Guinea, Olipeosonia copiolarum n. 
gen., n. sp., is described in this paper. It is, referred to the Smarididae rather than 
the Erythraeldae on account of its having identical lateral tarsal claws, these being 
ciliated, but bo heavily so as in Hmaris. 

In this paper all the known larvae of the Smarididae are keyed, and an attempt 
is made to evaluate the charactei*s of the larval genera. 

Key to the Ltirxml Oenera refex'red to the Family Smarididae, 

A. Eye8 two on each side. 

Dorsal seutuni broader than long, roughly triangular or cres^^entlc. Lateral tarsal claws 

identical, heavily ciliated, pulvlUlfonm gmori« I-atr, 1796 

Known from only Smaria prominena Bks, 1916 ( Australian ). 

AA, Eyes one on each wide. 

B. Anterior senallla of dorsal scutum are anterior to the anterior pair of non* 
Honsillary st^utal setae. Claws of tarsus of leg ciliated. Palpal claw 
trifurcate, the third claw being short, baeah lying ventrally. Mandiblcm 

slender CHpeommu, n. gen. 

Genotype CWiwosoma ooplofaruni, n. sp, (New Guiiu^). 

BB. Anterior senstlia of dorsal scutum are behind the anterior pair of noh-gengiUary 
scutal setae. Claws of tarsus of teg not ciliated. Palpal claw aliigie dr 
bifurcate; the palpal tibia also carries a stemt acoeseot^ i^ 

Mandibles compact * , . . , , 

Genotype Ackorolopkas loaplodUls Ouda 1910. > 
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Fip, copiolarttw, n. gen., n. »p. liarva. A, Doreal view; B, Tareue 1. 

poetetloT aepect; Dorsal seta. 


Genus Smaris Latreille. 

Precis can 04n. 1796, 180. 

Definition of Larval Gftaracters.— Eyes two on each side. Dorsal scutum broader 
than long, roughly triangular or creecentlc, with two pairs of senslllary setae and two 
pairs of ndn^Bensillary setae. The anterior pair of scutal senslllary setae arises between 
the levels of the anterior and imtertor pairs of scutal non-senslllary setae; the posterior 
pair of scaildlla^ setae arises at the posterior edge of the scutum. Ventrally one pair of 
ielM M X; one pair setae between coxae 111. Each coxa with one seta. 
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lE^ach tarsuB with one seta. Bach trochanter with one seta. Tarsus I with a Haller's 
type organ, not present on tarsus II or HI; tarsus I and XI. but not III. with a eolenoidal 
spine. Lateral tarsal claws identical, heavily ciliated, pulvilllform. Mandibles compact, 
rounded posteriorly. 

Remarks: The above definition is based on one species only, iS. prominens (Banks 
1916), Australian, described by Woinersley and Southcott (1941). 

Cori'igendum: In the flgui*e of the larva of Smaris prominens given by Womersley 
and Southcott. 1941 {Trans. Roy. {^oc. 65 (1)3. page 66, Fig. 2B, the trochanter of 

leg I appears to have two setae. Actually the proximal seta shown belongs to the coxa, 
and the distal seta only belongs to the trochanter; thus both coxa and trochanter of each 
leg have only one seta each. 


Genus Cupeosoma. n. gen. 

Definition: Eyes one on each side. Dorsal scutum trapezoidal, with two pairs of 
sensillary setae and two pairs of non-senstllary setae. The anterior pair of senaillary 
setae arises anterior to the anterior pair of non-sensillary scutal setae; the posterior 
pair of sensillae arises well anterior to the posterior angle of the shield. Ventrally one 
pair of setae between coxae I, a further pair of setae between the levels of coxae II and 
HI. Bach coxa with one seta. Each trochanter with one seta. Tarsus I with a Haller's 
type sensory organ; not present on II or III. Tarsus I and tarsus II, but not HI, carry 
a solenoldal spine. Lateral tarsal claws identical, falciform, ciliated. Mandibles slender. 
Claw of palpal tibia trifurcate, the third claw short, basal, lying ventrally. 

Genotype: CHpeosoma vopiolarum, n. sp. 

Clipeosoma copiolaupm, n. sp. Fig. 1, A*-C; Fig. 2, A, B. 

Description of Larva {Type)'^ Colour red. Body an elongate ovoid, 210jtt long by 
110m wide. Dorsal scutum trapezoidal, with rounded angles, length 54m, width 52m. 
Scutum with two pairs of heavily ciliated slightly clavate sensUlary setae, anterior 
26m long, posterior 40m long; scutum also with 2 pairs of non-senslllary setae, stout, 
clavate and heavily ciliated, anterior 49m long, posterior 62m long. The anterior 
sensillary setae arise well anterior to the anterior pair of non-sensiUnry setae. Distance 
between centres of anterior and posterior sensilla 26 m. Posterior senslUa arise well 
In advance of the posterior angle of the shield, and slightly behind the level of the 
posterior pair of non-sensillary scutal setae. Anterolateral borders of shield slightly 
concave, posterolateral borders also slightly concave. Byes one on each side, level with 
the posterior end of the shield. Dorsum with about 31 setae, brown, stout, clavate, with 
dagger-shaped dilations, setae 22“~38 m long, arranged in Irregular rows across the 
dorsum. Venter: between coxae I a pair of long, pointed, heavily ciliated setae, 89 m 
long; between the levels of coxae II and III a similar pair, 39 m long; behind coxae HI 
are 6 setae, heavily ciliated, the first row is of 4 setae, pointed apically, 20-'28m long; the 
second row Is of 2 setae, blunted, 16m long. Bach coxa with one seta: that on I long, 
pointed, ciliated, 49m long; on II similar, 83m long; on III blunted, heavily ciliated, 27m 
long. Legs long and thin: 1 505m long, 11 520m, III 656m (all lengths including coxae 
and claws). Bach trochanter with one seta. Tarsus 1 relatively thickened, 65m long 
by 24 m bi&h ( (exclusive of claws and columella). Tarsus I with a Haller's type sensory 
organ, not present on II or III; tarsus I and II, but not HI, with a solenoldal spine. 
Tarsal claws strong, falciform, with ventral dilations; empodlum falciform, slender, with 
doj'sal and ventral cillatlons. Metatarsus I sinuous, irregular, 188m long, provided with 
various sensory setae. Capitulum; mandibles slender* chellcerae slender, with a short, 
straight cutting edge, without teeth or spurs. Palpi strong, elongate. Palpal coxa, 
femur, genu, tibia, tarsus with 0, 1, 1, 8, 6 setae respectively. Claw to palpal tibia 
trifurcate, dorsally there is a long medial and shorter lateral claw, ventrally hhere in 
a short conical basal claw (Fig. 2, B). Palpal tarsus as figured* 

Locality: Babiang, In the Altape region of New Guinea, a eingie speeinm (Type), 
cm the floor of the rain-forest, i9th December, XP44 (ILV*S,)* 

Type in author's coUecUon (ACA 1583)4 
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Flip, i,^^CHpeo$oma oopiotan^fn, n, yen., n. Bp, X«arva. A, Ventral view; B, Tip of palp, 
ventral view. 


Genus Hauptmawnia Oudemans 1210. 

Sint BerichU 1210, 3 (62): 48. 

Qmotype: AohoHilophus longicoUis Ouds. 1910. 

Be^^ejinition of tj^enm: Eyen one on each nWe. Dorsal scutum fairly broad, of 
vtarylne nhBpoBt with 2 t>airs of sensillary setae and 2 pairs of non-sensiilary setae; the 
anterior pair of se^ lying between the levels of the 8 pairs of noneenslUary 

eotae. Vmirally nuthher of setae between and behind coxae 1, and between 
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Uxe levelH of coxae U and III. Coxa I with one aeta, coxae U and 111 irith one or 8 
setae each. Each trochanter with 2 setae (in all the Australasian forms; possibly with 
only 1 seta In the European forms). Lateral tarsal claws identical, falciform, unclllated. 
Palpal femur with 2 setae. Palpal tibia with a strong simple or bifurcate claw, and 
also with a stout accessory peg or claw. Mandibles compact. 

Kef/ to the Lorval Genus Hauptmannio^ 

A. Claw of palpal tibia Him pie. Basis capituU with one seta on each side posterior to the 
palpal coxae. Posterior senslllary setae of dorsal scutum arise on the posterior edge 
of the scutum. 

B, Palpal tarsus with a pec^tinate seta. 

C. Setae between coxae I much longer than the setae on coxae I 

, If. longicoUia (Ouds, 1910) (European) 

CC. Setae between coxae I equal In length to. or shorter than, setae on coxae t 

H, aitapensia, n. sp. (New Guinea) 

BB. No pectinate seta on palpal tarsus ........ H. brcidcoBis Cuds. 1910 (European) 

A A. Claw of palpal tibia bifurcate. No setae on basis capituli behind palpal coxae. Posterior 
senslllary setae of dorsal scutum arise w'ell anterior to the posterior edge of the 
scutum. 

D. Each coxa, with on© seta. Posterior senslllary setae of the 
dorsal scutum arise posterior to the middle of the shield. 
Dorsal scutum roughly oblong, with rounded corners, porose, 

without strlatlons 

JET. locstraltenais Worn. 1934 (West Australian) 

DD, Coxa I with one seta, coxae II and III each with 2 setae. 

Posterior sensillary setae of dorsal scutum arise anterior 
to the middle of the shield. Shield heart-shaped, with a 

conspicuous waist, poroee and also with strlailona 

H. muUewaensis Worn. 1934 (West Australian) 

Hauptmannia AVfAprjpisiB, n. sp. Fig. 3, A-*F; Fig, 4. 

Description of Larva (Type): Colour red. Body ovoid, 350m long by 220m wide. 
Boreal scutum pentagonal, 53m long by 41m across; the anterior margin of the shield 
slightly concave, the anterior part of the lateral margins straight, and parallel with each 
other, the posterior part of the lateral margins straight, and running obliquely medially 
and posteriorly to the blunt rounded posterior angle of the shield. Scutum with 2 pairs 
of fine, pointed, faintly ciliated senslllary setae; anterior pair 24m long, posterior 56m; 
with 2 pairs of non-sensillary setae, tapering, pointed, with fine adpressed dilations, 
anterior 41m long with bases S5m apart, posterior 30m long with bases 8 Bm apart, distance 
between centres of anterior and posterior aenslHa 41m. The anterior senslllary setae 
arise a little behind the level of the anterior non-senslUary setae, posterior senslllary 
setae arise at the posterior angle of the shield. Byes one on each side, lateral to the 
posterolateral margins of the shield. Dorsum with about 47 tapering, pointed, curved 
setae, lightly pigmented, 20-31m long, with fine cillatlons. Dorsal setae arranged 2, 2, 2, 
4, 8, 7, 6, 4, 6, 4, 2. Venter: between coxae I a pair of curved spinlform setae, with very 
faint adpressed cillatlons, 81m long; between coxae I and II are 4 similar setae, but with 
the clliatlons a little more marked, 24~30 m long; between coxae II and III a number of 
similar faintly ciliated setae, and also behind coxae III, 14~26m long. The more posterior 
setae are the stronger, and have freer dilations. Each coxa with one seta, pointed^ 
tapering, with fine cillatlons; on I 31 m long, on II 18 m. on III 20 m' I»©ga fairly stout, 
I 300m long, II 276m» HI 316m (all lengths including coxae and claws). Each trochanter 
with 2 setae. Tarsi short, swollen. Tarsus I 41m long by 24m high (exclusive of claws 
and columella) ; dorsal setae of tarsus unclllated, ventral i^tae ciliated ; solenoldal 
spine present on the dorsum of tarsus I and II, not on HI. Tarsal daws strong, 
falciform, undliated, identical, ridged obliquely along their sides; empodlum slender, 
falciform, simple. Metatarsi stout, clavate; metatarsus I 52 m long, CapitulUin: 
mandibles compact; chelicerae stout, falciform, simple. Falpi strong, short; palpal 
coxa, femur, genu, tibia, tarsus with 0, 2. 8, 2, 8 setae respectively. CJlaw df palpal 
tibia single, bent over at the tip, and there excavated a little on the ventral i^e; the 
palpal tibia also carries an accessory claw on its dorsomedial aspect/ close to M 
palpal daw, with, however, a distinct separation. Balpat tarsuh with vadeus t 
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tarya. A, Dorvat view (mouthparte restored): 
ftti :C?«MP>tt^lum.^^4^ <iftaiidU>l«a diatoHed and aeparated by oompremlon) ; C, Same, below ; 

netft i F* Ventral eeia (both U and F are to the scale 
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Fig. 4. — HoMptmannia a44(»7}«n«fo^ n. ap. Larvg, ventral view. 


setae, including a pectinate seta similar to that described for the genotype, also a 
solenoldal spine (see Fig. 3. B, C). 

Locality: Deia Creek, in the Aitape region of New Guinea, a single specimen 
(Type), 30th December, 1944 (R.V.S.), 

Type in the author's collection (AC A 1378). 

Remarks: This species la quite close to the genotype, H, longicollis (Ouda. 1310) 
from Holland. 
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Hatjftmakwu WB»TBAUENfiiB Wom^rsley 1934, Plgr 6^ A-F; Fig. 6, 

Rec. 8. AuBt. Mu»., 1934. 5 (2): 249. 

He^escripHon of Larva {Tppe): Colour not recorded, probably red. Body ovoid. 
360/i long by 380/* wide (over-all length of the Type specimen, from Up of chellcerae 
to posterior .end of abdomen is 700/«). Dorsal scutum roughly rectangular, 118/t long 
by lOO/i wide; Its anterior margin Is concave, the short anterolateral margins are 
straight, extending from the anterior scutal non-sensillary setae to the posterior, behind 
this the lateral margins run almost straight backwards unUl they finally curve sharply 



Fig, — liauptmannia wtiBtralien$i9 Worn. 1934. Ij«.rva, ventral view, entire. 


medially, to run Into the almost straight posterior border of the shield. Shield with 
2 pairs of slender, pointed, lightly ciliated sensUlary setae, anterior 39/4 long, the 
posterior pair 43/i long, and these latter arising in a crescentic thickening in the shield; 
distance between centres of anterior and posterior senslUa. 41m- Scutal non-sensUlary 
setae are short, stout, strongly ciliated, anterior 28 m long, posterior 49 m long. Anterior 
sensillary setae arise between the levels of the anterior and posterior pairs of non- 
sensUlary setae; posterior sensillary setae arise behind the middle of the shield. Shield 
poroBO. Byes one on each side, lateral to the shield. Dorsum with about 60 stout, 
blunted, impigmented, strongly ciliated setae. 26-49/t long, the more posterior setae 
being the longer. Venter: between coxae 1 a pair of slightly curved sptnlform setae 
30 m long; between the levels of coxae I and 11 is a row of 8 splhlfonn setae with light 
ciUations; just behind coxae 11 a further row of 4 such setae; anterior to eoxae 111 an 
irregular row of 17 setae, the central setae of this row sidnilorm with light elltatlohAr 
the more lateral setae more heavily ciliated, and the l^tei^lmost 2 setae of 
auite heavily ciliated and 39/1 long; between And behind eoxae Iir Are almut^ ' ^ 
arranged In irregular rows, these setae becoming longer more hiuttily 
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towards the posterior pole of the venter; ventral setae 24*40 m long. Eabh coxa with 
one seta, spiniform, faintly ciliated; on I 54 m long, on II S7 m» on 111 30 m. I.<ogs fairly 
strong, I 400m long, II 395mi HI 450m (all including coxae and claws). Each trochanter 
with 2 setae. Tarsi of legs short; tarsus 1 63m long by 30m (exclusive of claws and 
columella). Dorsal setae of tarsus 1 almost spiniform, with only a few sparse cUiations, 
ventral setae ciliated; solenoldal spine present on dorsum of tarsus 1 and 11, not on 111. 
Tarsal claws falciform, strong, simple. Identical; empodlum falciform, slender. 
Metatarsi stout, clavate; metatarsus I 72m long. Capitulum: mandibles compact; 
chelicerae normal, with a short spur at the posterior end of the cutting edge. Basis 
capituU posterior to the palpal coxae devoid of setae. Palpi strong, short. Palpal coxa, 
femur, genu, tibia, tarsus with 0, 2. 2, 2, 8 setae respectively. Palpal tibia with a strong 
bifurcate claw, the minor tooth being on the ventrolateral aspect; a stout accessory peg 
to the claw also arises from the palpal tibia, on its dorsomedial aspect. Palpal tarsus 
with various (8) sensory setae, including a solenoldal seta, but without a pectinate seta. 

Lovality: ‘*Chitterlng, Western Australia, October 16th, 1931, under stones” (H.W.) 
(slide labelled 10/10/31). A single specimen only, Type, in the South Australian 
Museum. ^ 

Hauptmannia mullewaensih Womeraley 1934. Fig. 7, A-C; Fig. 8, A'-D. 

Rec, S. Auat, Uu8„ 1934, 6 (2): 250. 

Re-description of Larva (Type): Colour not recorded, probably red. Body ovoid, 
915m long by 675m wide (over*all length of the Type specimen, from tip of chelicerae to 
posterior end of abdomen is 1040m). Dorsal scutum somewhat heart-shaped, or shaped 
like a traditional shield, pointed posteriorly and walated about the middle, 262m long by 
190m wide in front of its constriction, 201m wide behind the constriction, and 165m wide 
at the constriction. Anterior border of shield slightly concave; anterolateral borders 
straight; the lateral borders are sinuous and in their posterior part sweep together to 
meet in a blunt, rounded point Shield with 2 pairs of filiform senslllary setae with 
slender ciliations, anterior pair 68m long, posterior 47m long; with 2 imirs of long, blunted, 
8trongly>clliated non-senslllary setae, anterior B8m long, posterior 68m long; distance 
between centres of anterior and posterior senallla 60m. The anterior senslllary setae 
arise behind the level of the anterior non-sensillary setae; the posterior pair of senslllary 
setae arises a little anterior to the waist of the shield, and well anterior to the middle 
of the shield. The shield is porose, but in addition the posterior half of the shield is 
striated, the striations being most marked peripherally; a few strlatlons lead back from 
the sides of the anterior part of the shield, and run into the main striated area; the 
striations tend to radiate from two small thickenings in the shield. Dorsum with about 
47 stout, blunted, unplgmented, strongly-cillated setae, 28“45m long, the more posterior 
setae being the longer. The setae are arranged: 1 (or 2 teratologically) anterolateral 
to the eye, 1 posteromedial to the eye, then rows behind the shield of .5, 6, 6, 10. 8, 4, 3, 1 
(the last 2 rows being confused). Venter; between the levels of coxae I and II a row 
of 8 setae, spiniform with a few clllatious, the 2 most medial setae being the most 
anterior of the row and 68m long, the other setae 24'“B8m long; just behind 
coxae II a row of 6 similar setae; anterior to coxae III a row of 13 setae; 
between and behind coxae III the setae of the venter are arranged 2, 2, 6, 2, 6, 6, 3; the 
most posterior of the ventral setae are the more strongly ciliated. The spiniform ventral 
setae are 42-*80 m long; the more heavily ciliated setae towards the posterior pole are 
32"'86 m long. On the ventral surface, between the last row of 2 setae in the list of 
ventral aolAe Just given, is a chitinous porose pyriform plate, the precursor of the 
anus. Coxa I with one long spiniform seta 88m long; coxa II with a somewhat more 
ciliated seta arlStoK uear its posterior border, 54m long, and a further seta, stouter, 
tapering^ pointed, strongly ciliated, 89m long, arising from near the lateral end of the 
anterior border of the coxa; coxa IJI with 2 setae, placed as in coxa ll, the postero- 
splnitor^^^ lateral seta otUated, similar to the 

sdta dn bdt he» its teminai part broken off on each side in the Type specimen. 
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Leg» comparatively thin, I 686^ long» II 610#*, III 680/* (all including coxae and claws). 
Bach trochanter with 2 setae. Tarsus 1 98/* long by 26/* high (exclusive of claws and 
columella). Dorsal setae of tarsus unoillated, ventral setae ciliated. Solenoidal spine 
present on the dorsum of tarsus 1 and II, not on 111. Claws of tarsus falciform, strong, 
simple, identical; empodium falciform, more slender. Capitulum:' mandibles compact; 
chellcei'a with a short spur at the posterior end of the cutting edge. Palpi strong, 
compact Basis capital i posterior to palpal coxae Is devoid of setae. Palpal coxa, femur, 



Fig. fhnUeu>a^nH 0 Worn. 1934, Xfarva. A, ventral view ; B. DorsaiJ 

seta ; 6, Ventral seta <B and C to soale Shown) ; X>, Tarsus 1, anterior aspect. 
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genu, tibia, tarBud with 0. 2. 2. 2. 6 Betae respectivelr* tibia with a atrong 

bifurcate claw, the leaser tooth being on the ventrolateral aspect; a stout accessory 
peg to the claw arises from the palpal tibia on its doraomedial aspect. Palpal tarsus 
with 8 setae, including a solenoidal seta but without a pectinate seta. 

Locality: Mullewa. Western Australia. September. 1931. on herbage (H. Womersley). 
a single specimen. Type. 

Type in the South Australian Museum. 

Bemarks: This Is the most divergent of the species referred to the genus. 
Remarks on the Genus Hauptmannia. 

All the species referred to the genus In this paper have important points in common; 
these points are indicated in the key to the genera and the re-dehnltion of the genus 
given earlier. The two European species form a compact group with B. aitapensU, n. sp. 
from New Guinea, while the two Western Australian forms diverge. The writer is not 
in favour of founding further genera until the adults of some at least of these species are 
known. It must be remembered that the status of this genus (and of GUpeoaoma as 
well) as belonging to the Smaridldae Is as yet unproven. 
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NITROGEN-FIXATION IN LEGUMINOUS PLANTS. VII. 

THE NITROGEN-FIXING ACTIVITY OF BOOT NODULE TISSUE IN MEDIC AGO AND THIFOLIUM. 

By H. L. Jenken, Macleay Bacteriologist to the Society. 

{From the Depart^nent of Bacteriology, University of Sydney,) 

(One Text-figure.) 

[Read 29th October, 1947.] 


Introduction. 

Although the problem of symbiotic nitrogen fixation by leguminous plants and root 
nodule bacteria has been studied In great detail for neaidy sixty years, we still know 
comparatively little about the quantitative side of this process, expressed as the amount 
of nitrogen fixed in unit time per unit of root nodule substance, and hardly anything 
about the Influence of environmental factors on the degree of nodule-efficiency thus 
expressed. One reason for this is the fact that comparatively few investigators have 
made separate determinations of total dry matter and nitrogen in the root nodules and 
the rest of the plants separately, while most have contented themselves with analysing 
the roots and nodules together, or the tops only. 

Wozak (1929) concluded from field experiments with seven species of legumes that 
nitrogen was fixed at a rate of 36 mgm. (In Vivia faha) to 98 mgrn. (in Pisum sativum) 
per gm. dry nodule substance per day. He pointed out that these values are only 
approximate (actually somewhat too high) because they include an unknown amount of 
combined nitrogen taken from the soil. 

Bond (1936) estimated that nodules of soy beans grown In sand fixed 24-28 mgm. 
nitrogen per gm. dry matter per day in young plants, and 7-8 mgm, or less in older 
plants. Similar figures for nodules of soy beans In sand culture were calculated by 
Wilson (1940) on the basis of experiments described elsewhere (Wilson and Umbrelt, 
1987). Earlier experiments by Whiting (1915), who recorded only the nitrogen contents 
and not the dry weights, suggest a similar activity of nodules in soy beans and cowpeaa. 
Nodules of soy beans grown in water culture (Bond, 1941, Table 1) show a lower activity; 
a calculation according to Bond’s formula (1936) indicates a fixation of only 4 mgm. 
nitrogen per gm. dry nodule substance per day from 29th July to 7th September, 1940. 
The figures given by Glbbel (1926) In his Tables 36 and 37 permit a similar calculation of 
the activity of nodules of soy beans grown in sand with varying doses of combined nitrogen. 
If we assume that the nodules, of which only the fresh weights are given, contain 20% 
dry matter, we find during the period from 8 to 12 weeks a daily fixation of 7*2-10-9 mgm. 
nitrogen per gm. dry nodule matter, falling to 6*8 mgm. with the highest dose of nitrate. 
Unfortunately the experiment did not Include plants grown entirely with free nitrogen. 

Ohen and Thornton (1940) estimated that the active bacterial tissue in nodules of 
red clover fixed 3'90-4*69 mgm, nitrogen per cubic centimetre per day. It may be 
assumed (Bond, 19il) that the bacterial tissue accounts for roughly one-half of the 
Whole nodule, and that this contains 20% dry matter of unity specific gravity; the 
fixation would then correspond to 9-8-ll*5 mgm. nitrogen per gm. dry matter per day, 
a value only about one-fifth of what Wozak (1929) observed in the same species 
(55 mgni,). In soy bean nodule tissue Chen and Thornton found an even lower value. 

There are some other experimental records from which we may calculate the overall 
fixation of nitrogen during the whole growth period per gm. dry nodule matter at the 

;■ v.;,' 
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end of the experiment. Jones and Tisdale (1821) found that the largest mass of nodule 
substance in soy beans, both absolutely and in proportion to the weight of the plant, 
developed ut 2 1-24'' C., but the highest actual yields of nitrogen were found at 27-30*' C. 
Their data show also that the gain of nitrogen per gm. dry nodule increases with the 
temperature, from 814 mgm. at 21“C. to 2271 ingm. at 36^0. These figures, like Wozak's 
(1929), are only approximate, because they include some combined nitrogen taken from 
the soil. 

From the data of Virtanen (1928) on peas and three species of clover grown in sand 
we may calculate the following gains of nitrogen in mgm, per gm. dry nodule matter; 

J’tvnm sathntm l)U4-2423 mfim, 

Tri folium pratense 1484-20 7 li ,, 

repenff 1222-1702 ,, 

„ hyhridnm 2224-4 304 „ 

These figures show no correlation with the reaction of the sand medium (pH 6 0, 
6*5 and 6-0). Oil the other hand, a series of experiments by the present author (Jensen, 

1943) with lucerne and subterranean clover in sand and soil of varying reaction showed 
that the proportional weight of the nodules was generally higher, but the gain of 
nitrogen per gm, dry nodule substance lower, at pH 4*9-6*2 than at pH 6*7-7*5. The 
same observation was made in a later experiment with subterranean clover (Jensen, 

1944) . 

Beside the fact that the species of plants and the range of reaction were not the 
same in Virtanon’s and my own experiments, and that no allowance was made for the 
uptake of combined nitrogen from the medium, It was later observed (Jensen, 1946) 
that a partial molybdenum deficiency tends to lower the efficiency but to increase the 
proportional weight of the root nodules in lucerne. Experiments by Stephens and 
Oertel (1943), Lewis (1943), Oertel et al. (1946), and Anderson and Oertel (1946), 
have shown consistently that the availability of molybdenum depends on the reaction 
of the soil, and that its uptake generally inci'eases with increasing pH. It is thus 
possible that my earlier results do not express only the direct effect of pH on the 
activity of the nodules, hut also an Indirect effect through its influence on the avail- 
ability of the small amounts of molybdenum present. 

New experiments have therefore been performed under conditions that should give 
a better understanding of the influence of reaction on the nitrogen-fixing efficiency of 
the root nodules. The possibility of partial molybdenum deficiency at the lower pH- 
ranges was ruled out by giving an adequate supply of this element, corrections were 
made for the combined nitrogen taken from the medium, and in most experiments the 
plants we?'f' harvested at several successive stages of growth. Comparative tests with 
plants given combined nitrogen were included in some cases, 

Mkthods. 

Lucerne {MMicago mtiva, var. "Giant Upright") and subterranean clover 
{TrifolUnn Hubtrrraneum. var, "Mount Barker"), beside barrel medic (M. trihuloides) 
and wi)Ue clover (T. repent) in a preliminary test, were grown in glazed earthenware 
pots of 6 in. diameter, holding 3 kgm. sand. Unless otherwise stated, a river sand of 
medium coarseness and pH 5'8-6*9 was used, with an acid nutrient solution; neutral or 
faintly alkaline reaction was produced by adding 0*1 or 0*2% calcium carbonate to the 
sand. Twelve to fifteen seeds, inoculated with effective strains of the appropriate root 
nodule bacteria, were sown, and after germination the seedlings were thinned to 
(usually) six or eight per pot The surface of the sand was covered with a mulch of 
clean, coarse gravel in order to reduce evaporation and growth of algae. The pots 
weie kept In a greenhouse and arranged In randomized blocks. The moisture content 
of the sand was kept as near as possible to 12% of the weight of the sand, normally 
by watering with distilled water; during periods of maximum evaporation it was some- 
times necessary to use the local tap water which contains very little Hme and did not 
seem to affect the reaction of the sand appreciably. 
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At harvesting, watering was omitted for a few days previously, the plant tops were 
cut off at the surface, the gravel mulch was removed, and the roots were separated from 
the dump sand by gentle shaking and screening through a wide-rneshed sieve from 
which the loose root-fragments were collected as completely as possible. Some loss of 
small rootlets was unavoidable, but it is unlikely to represent any slgnltlcant proportion 
of the total plant-substance. The roots from each pot were placed in a dish with water 
and cautiously separated from each other, and the nodules were counted on each 
individual root system, picked off, dried, and weighed. Nodules detached during the 
separation of the roots were divided between the plants in that pot. The roots were 
kept In a refrigerator at 3"5''C. between harvest and removal of the nodules. In this 
way the plant material from each pot was divided into the three fractions of tops, roots, 
and root nodules, which were dried at 96-98 “C., ground finely, and analysed for total 
nitrogen by the Kjeldahl method. Materials from replicate pots, of which there were 
usually three, were combined for analysis. 

The theoretically best estimate of the amount of combined nitrogen derived by the 
plants from Uie sand would have been furnished by a series of control pots with 
nodule-free plants harvested at the same time as each set of inoculated plants, but 
this was not teclinically possible. As a second choice the amounts of nitrate and 
ammonia formed in unplanted pots, with and without calcium carbonate, were deter- 
mined at intervals corresponding to the harvests. The method of Richardson (1938) 
was used, on somewhat larger samples of sand, usually 200 gms. The quantities of 
(NOa I NHj)-N found after 8 to 18 weeks varied In the commonly used sand between 
0*5 and 4*6 p.p.ni., or 1*5- 13*5 ingm. per pot. This plus the nitrogen content of the seed 
was subtracted from the gross nitrogen content of the plants to give the net gain of 
nitrogen. The “mobilizable*' nitrogen appeared to be a fairly reliable measure of the 
amount of combined nitrogen becoming available, since similar quantities of nitrogen 
(6*2“13*3, average 10*8 ingm.) were found in wheat plants grown for 80 days in sand 
without addition of nitrogenous nutrients. 

Expkkimi-:nt.\t.. 

Pr&Uminarp Experiments . — Four species of legumes were grown in acid and alkaline 
sand and harvested only once, as in earlier experiments (Jensen, 1943). Lucerne and 
subterranean clover, ten plants per pot, were sown on 9th August, 1943, and harvested 
after 86 and 106 days, respectively. The nutrient solution contained 0*25 gm. KHnPO^; 
0*25 gm. CaCL; 0*1 gm. MgSO^; 0*05 gra. FeClj,; and 2*6 rngm. MnSO.,, ZnSOn, CuSO^, 
NaaMoO,*, and Na.-B^O-, all per pot; the last five constituents are in the following collec- 
tively referred to as “minor salts'*. The alkaline sand was given 0*2% CaCO.,. In this 
series alone the pots contained only 2*5 kgm. sand, and there were only duplicate pots of 
subterranean clover. Barrel medic and white clover were sown on 27th August, 1943, and 
harvested after 80 and 101 days. The results are seen In Table 1. In this and subsequent 
tables the signiflcance of differences between yields at acid and alkaline reaction is 
expressed by the Mest (Fisher, 1946). Where only two yields are compared, the degree 
of signiflcance is shown by the following symbols: 

+ :P = 0-05-0-02 
+ 4 : V ~ 0'02-0‘03 

4- + + ; l» < 0-01 

When more than two means are compared, the differences necessary for signiflcance 
at the flve, two and one per cent, points (P - 0*05, 0-02 and 0-01) are staled. 

The figures show that only in ilf criica^/o trihuloides is the gain of nitrogen, actual as 
well as per gm. dry nodule, significantly lower at acid reaction. In the other plants the 
variation between replicate pots was considerable, and the gains of nitrogen are not 
signlftcantiy different, except that the gain per gm. dry nodule in subterranean clover is 
Blightly higher at alkaline reaction. As found before (Jenson, 1943), the average 
niimbera of nodules on lucerne and barrel medic are much lower in acid than in alkaline 
sand, but the weight of the whole nodule-fraction is less strongly affected, owing to a 
larger average size of the nodules in acid sand. Text^g, 1 shows two selections of typical 
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Nitroifm Fixatwn btf Four Upecita of Uguminom Plants in Add awl AlkatinA Sand, 




Lucerne. 

Bubterrauoan 

Clover. 

Barrel Medic. 

White Clover, 

pH of aand. Initial 


5-7 

7-2 

6-7 

7-2 

5-0 

74 

6-0 

7-4 

„ „ ,, ftnaj 


4 '7*^4 '8 

7 17 3 

'4-3-44 

7-2~7-.1 

4 '8^6 -2 

7-5^7 ‘6 

4 -.1-4 -6 

7-6-7'8 

Dry matter. 

'I’OPH 

3 ’52 

3 78 

606 

7-62 

1 -68 

7-07 

4-06 

6-98 

Km. pnr \Mt, 

Hoots 

3 12 

3 6.1 

1-23 

1 71 

0-87 

1-37 

0-88 

1 -03 

mean. 

(Killies , , 

0 1.10 

0 145 

0-800 

0-844 

0-09.5 

0-1.12 

0 105 

0-125 

PnrctmtaKo of N In 

I’opH 

IM)3 

,106 

2 22 

2-40 


2-45 

2-25 

2 78 

dry matter. 

Roi:)ts 

2-07 

2-04 

2 35 

2-34 

1-69 

2-24 

2-27 

2-06 

i 

1 

Kodnles . . 

0 14 

s:i3 

6-43 

7-34 

3-61 

6 - 40 

6-82 

.5-30 

Total N in ptunt*, niKtn, 

17H0 

IttM 2 

18.1-1 

248 • 1 

47-1 

211 0 

137-4 

194-0 

Ktdu of N, ttiKin. 

.. 

176-2 

XP3-7 

175 0 

239-1 

38-7 

204 - 1 

131-0 

189-1 

Do. iwr gm. dry noduln-subKitnnco 

1300 

1362 

569 

698 

407 

1598 

1248 

1513 

Itoduh'H Kr plant. 

Mean 

tl-7 

62-3 

65-7 

49 6 

to -6 

36-2 

04-8 

77-3 


a.E.* 

rbO-OO 

7t4-24 

1 ±4-86 j 

±2-96 

:i-. 1 -OH 

1 rir,2-76 

±6-96 

rt 7 -30 

Bigniheance of differniiaiK between : 
Net gains oC N 





-t' 




J>o. per gfj], dry nodnl.vAUb»tanoe 
in ueld an<l uilotIUie rtand 


- 



•b -4* H~ 


- 


• S.K. - standard error, expressed a« the standard deviation divided by the square root of the number ot plants. 


nodulee from lucerne. In the two clovers the reaction has little effect on either the 
numbers or the aggregate weight of the nodules; subterranean clover even shows a 
slightly but slgniflcantly higher mean number In acid sand. 

The acidity of the acid sand increased strongly during the growth period. The 
clovers even acidified the sand to pH 4*3-4-4 without the gains of nitrogen being 
significantly lowered. 

Another preliminary experiment was designed to show at what pH-level the effect 
on nodule numbers and nitrogen fixation becomes significant, A fine yellow hill sand 



Fig. 3 . — Selections of typical nodules from iucerne grown for 86 days in acid sand (above) 
and alkaline sand (below). (S. Woodward-Bmlth photo.) x approximately 
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waB adjusted to four ranges of reaction by addition of Increasing doses of calcium 
carbonate besides a nutrient mixture of 0*6 gtn. KHjPO*; 0-6 gm, CaSO*; 0-25 gm. MgSO*; 
0*26 gm. NaCl; 0*1 gm. FeCla; and 3 mgm. of the minor salts. Lucerne and subterranean 
clover, eight plants per pot, were sown on 31st July and 27th August, 1944, respectively, 
and harvested after 140 and 108 days. 

As shown in Table 2, the net gains of nitrogen by lucerne are not significantly 
influenced by the reaction, even at pH initially below 6, but the gain per gm, dry nodule 
Is at this reaction significantly lower than at the three other pH-levels. Nodules are 
still formed at pH (Initially) 4‘7-4*9, which is below the pH-llmlt for nodule formation 
in agar culture (Jensen, 1943), but the numbers of nodules show a marked increase 
between the pH-levels of B*4-'5-5 and 6-3-6*6, The results thus confirm the earlier 
observation that the activity of nodules already formed is much less sensitive to acidity 
than Is the formation of new nodules. 


Table 2. 


Fixation bp Lur^'me afui Subterranean Cfoimr at Four lianoen of lieaetion. 




laiccrno (31/7/44 18/12/44). 

Clovor (2«/7,/« lS/ll/44). 

__ 

% CaCO, added 


0 

0-01 

0-04 

0-4 

» 

0-01 

0-04 

0-4 

pH of sand, initial 


4 • 7-4 ■ 9 

5-4-.5-.5 

0 -3- ft -6 

7 0 7 1 

4-5 

4-8~-4-9 

ft-O-ft-3 

0-7-«-8 

,, ,, „ final 


4 3 4 5 

5 0 51 

0*0-7 -2 

70-7-7 

4-1-4 3 

4 5-4 -7 

G •2-6-4 

7 -0-7 -7 

Dry matter, 

Tops 


7 22 

7 22 

8-33 

5-35 

r>’«8 

5-27 

5-17 

Btm, par pot, 

Roots 

5-7.5 

5-05 

f>-78 

0-02 

0 4)4 

1-21 

I -08 

1 -03 

mean. 

Nodules , . 

0148 

0-U.88 

0-101 

oio(i 

0-157 

o-uo 

0-152 

0-208 

PerrentaRe of N 

Tops 

2 «8 

2-84 

2 - 35 

2-78 

3-05 

3-0.5 

2-61 

2-50 

in dry matt/fjr. 

Roots 

2 32 

2-49 

2-37 

1 -38 

3-24 

2-.58 

2-92 

2-59 


Nodules . . 

7*44 

«-99 

7-20 

0-81 

7-12 

7-83 

ft -82 

ft-, 52 

Total N in plants, TnRm. 

309 <0 

339-5 

313-9 

325-3 

205 • 1 

215-9 

181 -9 

171 '2 

Xet gain of N, niRiu. 


278 ■« 

308-2 

288-3 

209-7 

170-2 

181 -0 

15ft -3 

145 -ft 

iKi. |«!r Rtn. dry no<!nUv««bHtaJie<' . , 

1939 

3539 

2874 

284« 

1112 

1230 

1010 

722 

NodultN i«.'r plant. 

Mean 

lH-4 

25-2 

57-2 

50-4 






S.K. 

d 2-37 

di 4 03 

:i4-47 

45-32 





.. . 


HlRTil 

fleaiit difference at 

I>. 

HiRul 

fleant diti 

rerence at 

P- 



0-05 

0 02 

0-01 

0-05 

0-02 

O-Ol 

Net Rain of N 


52 1 

05- 

5 

75-9 

90-4 

121 • 

2 un-3 

Uo, iM?r RHK dry nodide-subsUnce 

rs92 

870 

1004 

3.51 

441 

511 


The net gains of nitrogen in clover, although rather low and irregular, are also 
unaffected by the reaction, but the gain per gm. dry nodule shows a significant decline 
at the highest pH-level. The nodules were not counted in this case. The results are 
hardly altogether conclusive, because the plants suffered badly from attack by mites, 
but they do confirm the observation that subterranean clover can fix nitrogen In sand 
of pH 4*1“4*6. No further experiments were undertaken with this sand, for reasons 
explained below. 


Main Series of Experiments with Lucerne, 

Experiment No, 1 , — Luceime was sown on 28th February, 1944, eight plants per pot, 
apd harvested after 64, 92 and 120 days. The nutrients consisted of 0*6 gm. KH,PO*: 
0*1 gm. KgHPO*; 0-6 gm. CaCla: 0-8 gm, MgSO*; 0*08 gm. FeCla,* 8*0 mgm. minor salts; 
and 0*1% CaCOft In the alkaline sand. The results in Table 3 show that neither the 
actual gains of nitrogen nor the gains per gm. dry nodule are significantly different at 
the two ranges of reaction, even at the final harvest when the pH of acid sand has fallen 
well below 6. The numbers of nodules are, especially in the early stages, much lower 
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in the acid sand, but Uiair aggi'egate weight is practically unaffected by the reaction, 
and their activity shows no clear-cut change with Increasing age. 

ISxperinient jVo. 2 , — The acid hill sand was used, with the following nutrients: 
0'4 gin. KH,PO,: 0-1 gm, K,HPO,; 0-5 gm. CaS 04 ; 0-25 gm. MgSO^; 01 gm, FeCl,; 
8'0 nigm. minor salts; and 0-1% CaCOj, in the alkaline sand. Lucerne, eight plants per 
pot, was sown on 25th August, 1944, and harvested after 60, 85 and 100 days. Table 4 
shows the results. The sand without calcium carbonate rapidly becomes strongly acid; 
the net gains of nitrogen are slgniflcantly lower than In the faintly alkaline sand, and 
the gain per gm. dry nodule shows a very marked reduction at the final harvest. This 
confirms the former observation (Table 2) that an acidity of pH 4-6-4*8 is too high for 


Ta«j.b s. 

Fijr/rfJon hu ljurt>rne, fCrpcrimrtU Nn, / HVAA ). 





Dry 


Kin. 

ft' V- 
/» ■A'l 

in Dry Matter. 

Notlulfs 



pH or 







pi-r Plant. 

Trpiitiu<*nt. 

DayiA. 

Ban<l. 







Mean and 




Tops. 


Nodulea. 

"I’c»p8. 

Rootw. 

Xofhiles. 

S.K. 

-OaOO, 

04 

5 -06 '7 

0-55 

0-14 

0'012 

3- 29 

212 

8 '02 

.3-4.1: O'OO 

Initial pH 1 

92 

5 1-55 

1 '66 

0 • 72 

0-056 


2 34 

6-72 

21 -4 + 2-97 

6-7 ! 

120 


3-99 

3 26 

0-H2 

3-72 

2-05 

8-87 

41- 8:1: 5 '82 

4Ca(:o* 

04 

(M>7'0 

0-74 

0-25 

0-021 

4-03 

2 '20 

7-77 

2M J- 2 '46 

Initial pH ] 

92 

7- 1-7-2 

1'68 

1 -OH 

0'04H 

4 - 53 

2 • 38 

6-76 

42 7 4 3 '09 

(1-7 

i 

120 

70-7-1 

M'89 

3-29 

0 135 

4-24 1 

2-20 

I 

9-26 

127 -Oi 16 '3 


SumniHry : 


Bay*. 

'I’otal N in IMantK, 
niffiu. 

N«*t 

Gain ol N, niKm. 

j 

Gain of N, nmm. r»er Km. Dry 
Nodule-ioibRtjFinee. 

- CaCO,. 

1 CaCO,. 

-CuCO,. 1 

! 

i 

1 

4 CaCO,. 

Blanlflcaiiee 
of Blf- 
feteijce. 

j 

^f!aCO,. 

^ CaCO,. 

SiKnlllcanoo 
nf IJif- 
forcnoe. 

64 

22-0 

36-9 

21 0 

29-0 


1 750 

1410 


02 

84 '0 

108-7 

76 2 

94-9 

— 

i:wo 

1077 


120 

227-7 

249-7 

218'9 

241-7 

p. 

1541 

1790 



Tabls 4. 


Nitrogen PixaHon by Jju^rne tn nUL Sand, Experiment No. 2 (25/8/44-6/ 12/44). 





Dry Mather, 

Kin, 

% N in Dry Mather. 

NodiileB 

Treatment. 

Jlayfli. 

pH of 







per Plant, 

Hand, 



1 



1 

Mean and 




Tops. 

Hoota. 

Nodules. 

Tops. 

j 

Nodules. 

S.K. 

-CaCO, 

60 

4-a'*5'0 

0»4 

1 

0-U 

0-012 

3-54 

2-18 

8-04 

3'6±0*e8 

Initial pH 

86 

4 •6-4 -8 

213 

1-88 

0 078 

4-07 

2-54 

7-89 

00±l-68 

5-1 

100 

4*6-4‘6 

, 3-61 

2-72 

. 0-128 

2-H« 

2-36 

6*64 

X7-7dc2*70 

4 CaCO, 

60 

7*l-7‘2 

0-88 

0*22 

0-1)26 

8-76 

1-25 

7*ew 

16-14:0*68 

Ifdtial pH 

' 86 

7-0-7-4 

2-96 

2-27 

o-o8n 

2-86 

2-36 

8^88 

26-44t«‘49 

7 2 

; 100 

; 7-2'7‘6 

i 

4-08 

3S7 

0-098 

, 

8*20 

2-89 

7-20 

a0'34:3-68 
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Summary : 


1 

! 

Dnyn. 

Total M 111 Pliints, ' 
mgm. 

Gain of N, itigm. 

Gain of N, mgin. per 
gJO. Dry Nod libs tajicr. 

1 j 

- CaOOj. 

j 

1 

i 

fCaCO,. ; 

1 _ _ 

--(’aCl),. 

H CoOO,. j 

Hlgniflcartct* 

of 

Difl'ercncp, 

j 

■■■raCO,. 

’ 

* Caro,. 

Similtlcanco 

nf 

nifriTeiire. 

00 

lO-O 

36-0 

i 

(0) 1 

1 17-8 



712 


85 

127-3 

; 144-2 

1)0 ■ 0 

i 110-8 

-f 

1208 

1 505 


100 

i 175-1 

i 257 ■ 7 J 

143-8 1 

232 • J 


1200 

232J 

1 1 

f h-i- 


maximum nitrogen fixation, but the process still continues. The numbers and weights 
of nodules show the same behaviour as previously observed; the small but apparently 
significant Increase (7-8 ± 3*26) In numbers between the 86th and the 100th day at 
pH 4'6-4*8 is noteworthy. 

This sand had unfortunately a high content of metabolizable nitrogen and produced 
up to 10 p.p.m. NO;-N, which involved an undesirably large correction for nitrogen taken 
from the medium (htmce no gain of nitrogen in acid sand after 00 days). It was there- 
fore not used any more except for one experiment with subterranean clover (Table 9) 
conducted together with the present. 

Experiment iVo. S . — This comprised two series, with free and combined nitrogen. 
The basal nutrients were 0-5 gm. KHaPO*; 0-6 gm. CaCh; 0-25 gm. MgSO^; 0*25 gm. NaCl; 
0*1 gm. FeCl»; 3*0 nigm. of the minor salts; and 0*2% CaCOj in the alkaline sand. 
Combined nitrogen was provided as 120 mgm. as NaNOg per pot at start, and 3 x 60 mgm. 
as (NH 4 )aS 04 after 67, 77 and 93 days; this mixture was chosen in order to minimize 
the pH-changes due to preferential assimilation of the nitrate- and ammonium-ions. 
Lucerne was sown on 23rd February, 1945, and harvested after 66, 76, 91 and 105 days, 
six plants per pot. 


Tablm 5. 


Nitrfjffen yiauUwn and tTptaite of Oomfnntfd Ntfrof/m Lwterm, Experimefit No. :i (23/2/45-5/0/46). 


Treatment, ' 

Hays, 

pH of 
Sand. 

Dry 

Matter, gm. ^ 

% N 

in Hry Matter. 

Nodules 
per Plant, 
Mt;an and 
S.K. 

I'ops. 

ItOOtH. 

Nodules. 

Tops. 

Hoots. 

Nodules. 

Free K 

56 

6 0-62 

1 -07 

0-38 

0-042 

3 -.59 

1-94 

6-82 

9-6 -t 1*53 

-CaOO, 

76 

5-1-5-6 1 

3-61 

2-32 i 

O-106 

3-84 

2-46 

7-86 

17-r>±102 

Initial pH 

»1 

6-1-5-4 

4*35 

3*73 1 

0-170 

3*. 56 

2-12 

7-84 

42-Oi 6-43 

5*4-6 ■» 

105 

4-9 5*4 

5-28 

.0-45 : 

0*178 

2*92 

2-01 

6-85 

400rfc4-46 

Free N 

66 

7-a-7-4 

1 -42 

0 61 

0*()47 

3-60 

2-38 

6-70 

21 ^±1 *61 

4CaCO, 

76 

7-6-7-8 

3 n 

1-73 

0-095 

3*20 

2-23 

8-02 

25-6 + 2-41 

Initial pH 

91 

! 7-2-7-8 

4-5.5 

3-76 

0*148 

3-89 

1-83 

6-92 

39 -3 + 3 -72 

fl‘8-7*0 

105 

7-2-7-3 

6*93 

6-08 

0-176 

3-40 

2-21 

6-79 

63*0 +6 *99 

Comb. K 

56 

6 8-7*0 

2 27 

0-98 

0-018 

3*60 

2-22 

6-01 

17-5+2-62 


76 

s-e-e-o 

4 31 

3-78 

0*095 

2-76 

2-10 

7-26 

38 -8 + 3 -00 

Initial pH 

91 

4 -7-5-1 

5-24 

4-93 

' 0*094 

3-47 

2-28 

7-75 

32-0 + 3*36 

6*4-6-6 

106 

4-9-5-0 

7-17 

0*78 

0 130 

3-28 

2-08 

7*19 

87-3 + 3-97 

Comb. N 

i 66 

, 81-6-2 

2 17 

0-86 

0*016 

3*55 

2-30 

7-10 

17*2 + 2*99 

+CaCO^ 

76 

7 ' 6—7 • 8 

4-60 

S-62 

0-097 

2*05 

1-94 

B-B4 

29 *8+2 *89 

Initial pH 


1 7'0-7'4 

5*16 

4*64 

0*084 

3-30 

2-08 

6*72 

60-0 + 7 *32 

6*8-7‘0 

106 

7*2-7*3 

6-52 

6*77 

0 100 

3-12 

2*08 

7*04 

44*3 + 3-88 
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Summary i Frees-nltrogen »orias. 



Total N in PlanU, 




Gain ofN, mgm, per ttm. Dry 


rngn). 

Npt Gain of K, mgm. 

N odule-sm tmtancu . 

.DAys. 




i : 

81{j;niAcaiice 



HitinUloancc 


-CaCO,. 

-hOaCO,. 

-CaCO,. 

H-CaCO.. 

of 

-flaCO., 

4 CaCO,. 

of 

i 




' 

DIlTcrenoe. 



nifTerenct?. 

50 ■ 

48-9 

67-7 

46 -a 

62 2 

... 

1140 

1845 

— 

70 ' 

202*4 

146*3 

198*1 

140*8 


1867 

1612 


91 

249 • 7 

266-9 

248-8 

251 *8 


1443 

1706 

4 4 4 

106 

276 '() 

347*5 

271*2 

844 *0 


1516 

1967 

■4 


Summary : CombltuiU-nltroKcn (wrles- 


Davft, 

! 

j Total N In Plante, rngm. 

Sianlflcancp of 
Diffpront'i*. 

1 Net Gain of N, matti. (assunted) 

OaCO,. 

fCaCO,. 

-Caro,. 

4(’:aC'0,. 

56 

104*5 

97*9 


(0) 

(0) 

76 

208*5 

217*2 


(20 ■ 1 ) 

(47-2) 

91 

301*6 

273*4 

— 

(55*7) 

(•29*3) 

105 

385-2 

351*3 


(80*4) 

(47-8) 


lU^lative NunilMTH aud WolgUts 


Arid Sand after Days, 


of NCHiulCH, 











1 56 

76 

91 

106 

66 

76 

91 

106 

i 

NocIuUm, number per 

B'roe N 

165 

45 

74 

58 

99 

93 

65 

59 

sm. dry root. 

Coml), N . . 

103 

6.H 

41 

86 

126 

40 

68 

39 

Weight of nodulptf In 

Free N 

, 2*78 

1*76 

2*07 

1*63 

2*22 

1 -79 

1-76 

1*46 

% of tettd dry 
matter. . 

Comb. N . . 

0*53 

1*16 

0*91 

0*98 

0-44 

1*13 

0*83 

0*73 


Aikallne Sand after Days. 


The results in Table 5 show that the growth with free nitrogen is somewhat irregular, 
and the reaction has as a whole no significant influence on the net gains of nitrogen, 
except after 77 days, when the gain is higher at add reaction. The gains per gm. dry 
nodule at the two last stages show significantly lower values at pH 4*9-5*4 thiui at pH 
7*3-7* 3, although the difference Is not very conspicuous. The numbers of nodules are In 
this case not significantly different at the two reactions after 91 and 105 days; a possible 
explanation may be that extensive infection of the roots has taken place during the first 
66 days when the sand was only faintly acid, the nodules only later becoming visible to 
the naked eye. 

The plants with combined nitrogen grew more rapidly than with free nitrogen. At 
no stage does the reaction significantly affect the uptake of nitrogen, but unfortunately 
the pH- values are very inconstant: after 56 days the sodium nitrate had almost 
neutralised the acid sand and rendered the sand with calcium carbonate strongly alkaline. 
Except at the first harvest the crops at both reactions contain more nitrogen than 
added in combined form (ISO, 240 and 300 mgm.). and small amounts of ntirate and 
ammonia arere found in the sand after harvest; thus the plants appear to hate fixed: 
eoime in the presence of excess avaUfd)le nitrogen in the growili 




BY H. L. JBXTBEK. 


273 


* 

also observed by Olbbel (1926). An estimate of the gain of nitrogen In these pots was 
made by subtracting the nitrogjen added to the sand, plus the mineral nitrogen produced 
in unplanted control sand, from the nitrogen content of the plants plus the mineral 
nitrogen found in the sand after harvest. These estimates are of course only tentative, 
inter alia^ because of the possibility that some mineral nitrogen may disappear through 
microbial^ processes in the sand, and especially the plant rhlzospheres. The gains of 
nitrogen per gm. dry nodule seem to range between 300 and 600 mgm., or roughly one- 
sixth to one-third of the corresponding values in the free-nitrogen series. The provision 
of combined nitrogen in a quantity comparable to the fixation by plants in nitrogen- 
free sand in the same time has thus strongly reduced the nitrogen-fixing efficiency of the 
nodule tissue, without, however, suppressing it completely. The numbers of nodules are 
little Influenced by the reaction and are not significantly lower, after 56 and 76 days at 
acid reaction even higher, than in the free-nitrogen series. When the more rapid growth 
with combined nitrogen is taken into consideration and the number of nodules expressed 
on the basis of dry root weight, the numbers appear somewhat, but not constantly or 
markedly, lower in the presence of combined nitrogen (cf. Thornton and Nicol, 1936, and 
many earlier workers quoted by Fred et al., 1932). A far more striking effect of the 
combined nitrogen is the great decrease in the average size of the nodules, as also found 
by Gidbel (1926) and Thornton and Nicol (1936), and consequently In the weight of the 
nodule-fraction in proportion to the whole plant; this is particularly noticeable at the 
first hai'vest when the excess of combined nitrogen was highest and no nitrogen had yet 
been fixed. 

Experiment No. /f . — Combined nitrogen was given as ammonium nitrate, in order to 
avoid drastic pH-changes. The basal nutrients were 0 4 gm. KHaPO*; 0*4 gm. CaCl,; 
0*2 gm. MgSO*; 0*2 gm. NaCl; 0*08 gm. FeCl*; 1*2 mgm. of the minor salts; and 0-1% 
CaCOa in the alkaline sand. The pots In the combined-nitrogen series received at first 
24, later 48 mgm. nitrogen per week In two doses, so as to imitate the conditions in a 
vigorously nitrifying soil. Lucerne, six plants per pot, was sown on 20th July, 1945, and 
harvested after 36, 68, 88 and 102 days, when the combined-nitrogen pots had received 
60, 192, 276 and 372 mgm. nitrogen respectively. Table 6 gives the results. 


taslb 6. 

NUrofffn Fijctlirm mi Uptake of Comtnned NUroffm hy hwerne, fSrjMrimmt No. 4 (20/7/45-80/10/45). 


Treatment. 

Days. 

pH of 
Sand. 

Dry Mattcir, 

«ni. 

% N In Dry Matter. 

Nodules 
per Plant. 
Mean and 
H.B. 

1’ops. 

Hoots. 

Kodnlee, 

Toiw. 

KootJ^. 

Nodules, 

Free N, 

3S 

61-6-2 







5-5:hl -17 

-CaCO,. 

68 

6*8-6 '2 

0 72 

0-42 

0 060 

3-62 

2-38 

6-80 

12-1 ±1-10 

Initial pH, 

88 

6<4-5'6 

2 10 

1-42 

0 083 

3 • 23 

2-26 

6-68 

11-4.11-00 


102 

6;i-5-6 

3 61 

2*80 

0-164 

3-11 

2-23 

6-57 

12'H:hO-fK> 

Free N. 

36 

7 0 



— 

— 

— 

— 

H-rt + U-Hl 


68 1 

7-2-7'6 ! 

Ill 

0-62 

0-064 

3-42 

2-00 

6-66 

33-H±3'71 

Initial pH, ' 

88 ; 

7‘2-7*6 

2 02 

2-14 

0-103 

3 14 

2-20 

7-05 

48H±4-32 

S'S-S'O : 

102 

7-3-7-4 

4-31 

8-02 

0-160 

2-86 

2-18 

6-83 

51 -5 ±6 47 

Ck>mb, N, 

36 

6'7-6>8 

— 

— 

— 



— 

0-3 ±0-56 

— 43aOO», 1 

68 

6*l-6-2 1 

142 i 

0-79 

0-011 

8-82 j 

2-64 

6-07 

0-0±l-52 

. Initial pH. 

88 ! 

4‘9-6*6 

3 .50 

2-42 

0-030 

3-37 

2-44 

.5-78 

7-1 ±1-10 

51-62 

102 

4*7-6-0 

6 66 

5-54 

0-054 

2-80 

2-81 

4-95 

6-6±l-26 

Cipnib, . 

35 

6‘7-6*8 


— 




— 

4-9±r0-76 

- -hOa<JO,.,',,i 

‘ 68 i 

7*6-7*7 

1-05 

0-02 ; 

o-ou 

3-62 

2-57 

6-00 

220±7-U 

mitUd pH, ' 

88 

7 -6-7 *8 

4-42 

8-14 

0-086 

8-17 

2 26 

6-80 

88-3±4'15 


108 

7'M-O 

6 *7 

5-02 ! 

■ ■ 1 

0-086 1 

, 

2-73 

2-25 

6-00 

27-7±3-38 
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NITBOOKN'FIXATION IN LEOVMINOUS PI>ANT8^ VII, 


Sumtimry ; Frm*-n!tniKf^n soricR. 



1'otal N in Plants, 
ingm. 

Net Gain of N, iriKiii. 

CJaln of N, uvffiti. iwr am. Dry 
j Noilult'-subRtancn. 

Oftyn. 


1 j 

1 

1 


; 

.Sltfiilflcttuco 



Sfaullloaniw 

1 


-ICUOO;,. 

~CaOO,. 

+ Car(),. 

of 

01tf<irenw5. 

-C’aCO,. 


of 

DiHon’iifi*. 

itfi 

1 - 7 1 

2-0 

(0) 

(0) 


(«) 

(0) 




54-4 

37-2 

51-4 1 

-- 

743 

808 


HH 

1 

H5 A 

JO:io 

H2 6 j 


1241 

1394 


102 

3873 

220-0 

17U-8 

214-9 


1097 

1284 

1 




Summary : Cmnhlned'iiltrcmtni 


j 

Day«, 

1 

! 

1 

' Total N 1 

m« 

! 

-CaCO,. 

1 

n Plants, 

:m. 

-f f’aCOrf. 

HlanifloaiuM? 

of 

Dlfferrno'. 

35 


1 

2-7 ! 


08 


94-7 


88 

182-4 

213-4 


102 

293-3 

3U-8 

“ 


ItHlativa Nuinborj* and Welabti^ of 
Nodules. 

-CrCO,, aft-er DayB. 

•ftlaCO,, after Days. 

flB 

88 

102 

08 

88 

102 

Number of nodulois per am, ! 

Free N 

184 

49 

27 

320 

144 

90 

dry r(wt. ' 

Cotnl). N . . 

71 

17 

7 

201 

74 

28 

Weight of nodnies in % of 1 

Free N 

4-23 

2-»2 

2-37 

3-55 

2-00 

2-00 

total dry matter. j 

Comb. N . . 

0-50 

0-61 

0-47 

0-.3ff 

0-44 

0-26 


The growth was at first very slow, owing to a period of cold ‘weather. Addition of 
nitrogen Was therefore interrupted for 2^ weeks, and only total nitrogen and numbers 
of nodules were determined after 36 days. In the free-nitrogen series the net gain of 
nitrogen la after 88 days significantly lower at acid reaction, a rather unexpected result 
in view of the only moderately high acidity. The gains per gm. dry nodule are not 
significantly different, but upon the whole lower than in any other experiment. The 
numbers of nodules In acid sand, too, appear unusually low, which may perhaps explain 
the small crop yield after 88 days, 

The combined-nitrogen series shows better growth, but the added nitrogen was in 
no case used up, and no nitrogen appears to have been fixed. The total nitrogen content 
of the plants is not significantly inftuenced by the reaction, although the acidity of the 
acid sand increased considerably. The actual numbers of nodules are only at the last 
harvest markedly lower than in the corresponding free-nltrogen pots. On the other 
hand the provision of combined nitrogen has greatly reduced the numbers of nodules 
per gm. root, especially in the acid sand. An even more conspicuous eltect is seen on 
the proportional weight of the nodules, which Is <wily one-tenth to one-fourth of 
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corresponding figures in the free-nitrogen series. It is noteworthy that this effect 
of the combined nitrogen Is much more pronounced in the present experiment, where a 
considerable excess of available nitrogen was left in the medium, than in the previous 
one (Table 5). 

Experiment No, 5 . — This was designed like the previous one, except that 1*5 mgm. 
of the minor salta was given and the combined-nitrogen pots received first 15 and later 
30 mgm. nitrogen per week in two df>sea. Lucerne was sown on 31st August, 1945, and 
harvested after 69, 74, 88 and 102 days, when the combined-nitrogen series had received 
180, 240, 300 and 360 rngm. nitrogen per pot. Table 7 shows the results. 

The plants grew more vigorously than in the previous experiment, especially in the 
free-nitrogen series where the reaction of the sand without calcium carbonate is only 
moderately acid. The net gains of nitrogen are not significantly different, except 
perhaps at the first harvest, and the gains per gm. dry nodule are barely significantly 
higher in neutral than in acid sand at the first and third harvest, and generally on a 
high level. The nodules develop slowly in the acid sand, but at the last harvest their 
numbers are as high as at pH 7-0-7-6. 


Tablr 7. 

Nitrogen Nimtion anti Uptake of Combined Nitrrmn by Lucerne (33/8/45™ 11/12/46). 





Dry 

1 

€ 

Rm. 

V 

'it 

in Pry Matter . 

Xodulcs 



pH <tf 







pnv Platit, 

TreatnK'ut. 

Pays. 

Sami. 







Mean and 




'tops. 

Hoots. 

No(lu!o.s. 

'tops. 

Hoots. 

Noiliili's. 

S.K. 

N, 

5W 

5 •4-5-0 

1-66 

0 59 

0-059 

3 ■ J 0 

2 34 

6 41 

10-0:11 -46 

CftCOa, 

74 

5 *3-5 -6 

3-47 

1-03 

0-001 

3-30 

2-40 

7-36 

15-7rl.201 

InlUuI t>li. 

88 

5-1 5-« 

4 ‘82 

3-21 

0 • 1 30 

3-23 

2 ’ 40 

7- IH 

2H4;i:3-U 

6 ' 4-6 ■ 7 

1(12 

6-O-Oi 

7-01 

5 -88 

0172 

3 • 1 5 

2-44 

7-18 

46-2 14-21 

Frop N, 

50 

7'3-7-7 

210 

0-86 

0 065 

3-52 

2-20 

6 01 

26 8 1 : 2 *66 

1 OuCO,. 

74 

7(>7-a 

3-83 

2-10 

0-082 

3-21 

2 30 

6-60 

40-0 1.3-66 

Initial |>U, 

88 

7-3-7-rt 

618 

3 46 

0-005 

2-07 

2 27 

8-14 

41-1 ±3-01 

7*1 7'3 

102 1 

7-0--7-5 ' 

7 -.33 

4-08 

0-120 

2 ■ 08 

100 

6 1)3 

.50-7 .1 5-66 

Comb. N, 

50 

4 0-5 5 

2-10 

0-06 

0-013 

:mjh 

2 76 

1 7-08 

4 -2 10 85 

-^CaCO,. 

74 

4 ■0-50 

4-76 

3 34 i 

0-0.51 

3 -(H) 

2-40 

5 • 54 

6-0 f 1 -26 

Initial pH. 

88 

4- 5-5-0 

5-57 

3 87 ' 

0-028 

3-04 

2-58 

6-03 

6 ‘2.1. 0-98 

6-4 5-7 

1,1)2 

4-0 -5-0 

7-90 

0-00 

O-OOl 

2 ■ 75 

2 27 

4-31 

4 -6 i 0-88 

Comb. N, 

60 

7-1-7-7 

3-50 

1-80 

0 033 

3-41 

2 25 

7-07 

30-6;L2‘H1 

t-CaCO,. 

74 

7-1-72 

6-30 

3 ■ 53 

0-037 

3-00 

2 ■ 40 

6 02 

28-812-56 

Initial pH, 

88 

7-6-70 

0 00 

6-60 

0 040 

2-8B 

2 ■ 34 

5 -OH 

28-513-42 

71-7‘8 

102 

7-4- 7-6 

i 

8-25 

7-09 

0-042 

2-04 

2 22 

1 

5-05 

30-4 12-29 


Summary : Freo-nitW)«en scrlos. 


Pays, 

Total N In Plants, 
nutm. 

Net (lain of M, w»Km. 

Gain of N, niffm. per gni, Po' 
Nodule-snbstantw. 


fCoCO*. 

-CftCOa- 

fCaCO,. 

Silittiiacanet! 

of 

Plffarencc- 

~CaCO,. 

fCaCOj, 

Hif^nifloanee 

of 

Plfferenee. 

59 

67*0 

990 

69-9 

1 80-5 

-f 

1073 

1.821 


7* 

168-5 

180-2 

161-4 

170-7 


1861 

2141 


m \ 


240-0 

229*8 

! 224-5 

. — 

1783 

2407 

4 - 

lost 1 

370*9 ! 

820-2 

869 0 

1 306-8 

i 

■ 

2083 

2335 
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NITROOKN-FIXATIOI? IW LIDOITMINOUS rLANTB. VH, 


Sumntary: Oonihlm«i -nitrogen sedea. 



ToUl K lu Plante. 

nigtn. 

i 

Net Oaln of N. msm. 


Days, 


I 

40ttOO.. 

SignlfleaiKM) 

of 

DUfttronco. 

-OttOO,. 

-fCaCO,. 1 


50 

101 -0 

101-2 

f + -f 

(0) 

(0) 


74 ! 

224 <1 

252-2 


(0) 

(26 -ft) 

Gain of nitrofftoi In rnie pot 

8« i 

272-0 

821-7 


m 

(31-0) 

afU^r 74 days and in two 

102 i 

1 

itsro 

877-7 


(0) 

(25-5) 

after H8 and 102 days. 


Relative Nuinlwrs and Weights 

. 

-CaCO,, Gays. 

-eCaCO,. nft^^r Days. 

of NoduIeR. 

50 

74 

88 

102 

.50 

74 

88 

102 

Nodiiltnt, nutnU^r per 

Free N 

1 101 

52 

58 

48 

180 

114 

71 

66 

gni, dry nxite. 

Comb. N 

26 

12 

10 

5 

02 

48 

30 

20 

Weight of nodules In 

Free N . . 

2-75 


l-7() 

1 -sa 

1*78 

1 -SO 

1 -13 

1-08 

% of total dry 
matter. 

0()rnb. N 

0-57 

o.fi 

0 20 

0-.38 

0-54 

0-87 

0-40 

0-27 


The growth with combined nitrogen Is at first somewhat better than with free 
nitrogen, but the difference disappears at the second harvest, and the uptake of nitrogen 
is only at the first harvest significantly lower from the acid sand, in spite of strong 
Increase In acidity during the growth. In a few of these pots all the added nitrogen 
was used up and some extra nitrogen fixed, but as in Experiment No. 3. the gain per 
gm. nodule is very low (320-770 mgm.) in comparison with the figures in the free- 
nitrogen series. The numbers of nodules are greatly depressed by combined nitrogen 
In acid but less so in alkaline sand; the pH-valuea of the acid sand, however, are 
considerably lower In the combined-nitrogen than in the free-nitrogen aeries, and the 
decrease In nodule numbers may be as much due to the higher acidity as to the nitrogen 
per se. The decrease in numbers of nodules per gm. dry root and In the proportional 
weight of the nodules In the presence of combined nitrogen Is again very marked. 

Some determinations of. residual ammonia and nitrate in the sand (mixed from 
replicate imts) were made In order to detect whether significant quantities of mineral 
nitrogen disappear otherwise than through uptake by the plants. The following 
approximate balance-sheet of nitrogen was found: 



1 Add Sand. Days. 

Alkaline Sond^ Days. 


74 

88 

102 

. 

74 

as 

102 

Mgm. mineral K a<ld(jd per i>ot . . 

240-0 

aooo 

860*0 

240-0 

SOO'O 

860 0 

Do. formed In implanted aand 

6-S 

11-7 

17*1 

■8*7 

10*7 

12*6 

ftum j 

246-3 ' 

811*7 

377*1 

248-7 

810-7 

872* 6 

Do, found in aand after harvoet . . 

80-0 

24*6 

, ' j 

18*3 

.... 


(0) 

n* 

:i)laapi>e»red from aaud . . . . . ! 

Becoverod In plante (total teas ; 

216*8 

287*2 

358*$ ; 

227*4 

8lO*7 

361*2 

soed-N> 

223*3 

271 2 , 

857 -1 j 

m*« 

»2D'2 

8760 
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Bxcept in alkaline sand after 74 days the nitrogen contents of the lilants correspcmd 
closely to the estimated amounts of disappeared mineral nitrogen, and there is no 
indication that significant proportions of the added nitrogen have been consumed 
by other processes such as denitrification or synthesis of microbial protoplasm in the 
sand or the rhizospheres. 

Main i^teries of Experiments with Bnhtcrranean Clover, 

These experiments were conducted as parallels to the experiments with lucerne, 
with the same nutrient treatments but different periods of growth and sometimes 
different sowing date. 

Experiment iVo. 1 {cf, lucerne experiment No, 1, Table S). — Clover was sown on 
8th March, 1944, eight plants per pot, and harvested after 62, 92 and 125 days. The 
results are shown in Table 8. The sand without calcium carbonate became strongly 
acid during growth, and the final net gain of nitrogen appears lower than at neutral 
reaction, but wide variation between the replicates renders the difference non-significant. 
The numbers of nodules and the gains of nitrogen per gm. dry nodule are the same at 
both reactions, except that the numbers appear slightly higher after 62 days in neutral 
sand. The reaction showed a conspicuous effect on the Appearance of the root nodules 
both in this and other experiments with subterranean clover; in acid sand the nodules 
were typically of a grapeseed-like shape and of more uniform size and distribution than 
in alkaline sand, where generally a limited number of big lobate nodules were found 
clustered round the top of the main root, while many small nodules were scattered over 
the rest of the root system. 

Experimetit No, 2 (vf, lucerne experiment No. 2, Table If). — Clover was sown on 
4th August, 1944, eight plants per pot, and harvested after 73, 94 and 116 days. As 
seen from Table 9, the growth in this sand has been strongly inhibited by calcium 
carbonate. Although the reaction is only moderately alkaline, the final net gain of 
nitrogen is little more than one-half of the gain In acid sand where vigorous nitrogen 
fixation has, as in Table 2, taken place during the last period at pH 4- 2-4*8. The gains 
per gm. dry nodule are not, on the other hand, influenced by the wide difference In 
reaction. The actual nuinbei*s of nodules are lower In alkaline sand, except perhaps 
at the first harvest, but calculation of the numbers per gm. dry root show both in this 
and the previous experiment little effect of the reaction, again excepting the first stage 
of gi’owth: — 


I>ay» 

Kxperlmeut No. 

(Table 8). 

KxvH*rlinoiit No. 2 

(Tiiblo ft). 


W) 

I2f> 

711 

iU 

lift 

i 

Kotluien iwr gm. nwt, ; i 







i 

In acid Nand 

m 

a.w 


205 

loa 

m 

i 212 

Ill alkaline Mind . . . . | 

] 

m) 

368 


ni3 

221 

22U 

i 211 


It thus appears that the infective power of Hhizobium trifolii towards Tri folium 
snbterruneum is not lower at pH 4*7-6 0 than at pH 7 0-7-6, a result which agrees with 
previous observations In agar culture (Jensen. 1943). The lower numbers of nodules 
In the second experiment may be due to the higher content of metabolizable nitrogen 
In the hill sand, 

No. 3 (cf. lucerne experiment No. S, Table 5). — Sowing took place on 
26th Mai^h, 1946; eight plants per pot were harvested after 75, 96, 116 and 130 days. 
The early growth was slow, and the combined-nitrogen pots were therefore given only 
two doses of ammonium sulphate, so that each pot received 240 mgm. nitrogen. 
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NITIIOOEN-FIXATION in LEQUMIWOVS plants, VII, 


Tabi^h «. 

NitrfHm P'mxtim by SuttermwMn Clover, Erp^riment No, 1 (8/11/44^ 11/7/44). 


Treatnu'nt. 

Bays, 

pH rtf 
Hand. 

Dry Matter, 

jrm. 

% N 

In Dry Matter. 

Nodules 
per IMaiit, 
Mean and 
H.K, 

Td]>h. 

Rrtrd>M. 

NfMlnloji. 

' 

Tov»h. 

Roots, 

N mini as. 

• CftCf),. 

1 t.l2 

4 ■ 8-^4 ■ « 

()•«« 

oo?)o 

O'lWH ’ 

2 82 

0 54 

7-42 

:iO-H±l-K7 

Initial 1>H, 

1)0 

4'1K5 0 

1 17 

0 - 18 

0-099 

:Mt4 

2-19 

7 ‘ 55 

03-5 :i 2*95 

:>■ 7 i 

I2r> 

4-8-5‘1> ' 

:m4 

0 94 

0 180 ; 

:i-59 

2-97 

10-07 

UW-5 ;h0-fl9 

■i 

r.2 

6-9 7-2 ; 

O-fil ' 

0-08I 

0-02:i 

:t‘:i8 

0 ■ 42 
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JnlUHl pH, 
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7-0-7 2 
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0-21 
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2-52 

K ■ 02 

77 -H 4:7 -45 
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1 
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1 
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. 
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NeK Ottiit rtf N, uiBm. 

(.lain rtf N, niKin. jier Bin. Dry 

Nod u 1 e-Mi i hstan oe . 

two,. 

I Oat’O#. 


1 CnCO,. 

Siunlflcance 

rtf 

Dlffeienee. 

t’nCO,. 

-r CaOO,. 

Sltiiiltteance 
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Dllfercnee. 

(12 

21 ‘5 

22 0 

16-9 

12 *0 


51 9 

fi2K 


90 

48-2 . 1 

51-9 

39*8 

87 7 


589 

582 


125 

148 0 

197*9 

1 159 -2 

! 

iHfl.l 

i 

782 

1 
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Tabi,k 1). 

Nitrofrm Fixalion hu liobterToman Clorrr in /fill Saw!, firperiment No. 2 (4/8/44-27/11/44). 


Treatuient. 

: 

Days. 

1 

1 

1 

1 p1l rtf 

Sand. 

1 

! Dry 

Matter. 

Bni. 

% s 

In Dry Matter. 

Nodules 
per VI ant. 
Mean and 
S.Ifi. 

Tops. 

.Roots. 

Nodules. 

Tops. 1 

Roota. 

NodnleH, 

■ CaCO,. 

1 

75 ! 

1 

1 5-1-5-9 

1 *90 

0'8fl 

0 095 

2-78 

2 ■ 85 

9-49 

58 ‘ 8 -h 9 -99 

Initial pH, , 

! 94 

1 4 -7-4 -8 

' 3*53 

0 • 73 

0*155 

8-04 

2 -58 

9-50 

iJ?9-l 1.15-0 

.5 -8-5 -4 1 

115 

4 2-4 8 

5-49 

0-79 

0-187 

8 -00 

2 17 

5-48 

197 4M5 2 

tt'nt’O,. ' 

75 

7*2 7-9 

1 27 

0-20 

0-045 

2*fl7 

2*28 

9-41 

44*2:t518 

initial pH, 1 

94 

7 *4-7 *5 j 

i -97 ; 

0-31 , 

0-080 1 

2-82 

2*05 

7 - 10 j 

7M i«'8l 

7 • :i-7 • 9 

115 

7 8 7*tt 1 

4 19 1 

0-49 ! 

0 079 

2 ■ 85 

2*50 

5-01 ! 

07 ■ 1 -f 5 - 44 
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Di»>m. 

i 

j 

i Total N in Flanls, 
nigin. 

Not Gain of N, 

1 nifiin. 

Slgnlflennee 

of 

Difference, 

1 

Gain of N, nustiii. 
per Rrn. Dry Nodule- 
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Slgnldeaneii 

of 

Ottrorenee, 

-VftCO,. 

1 : 

1 t’aCO,. 


TCntR),. 

-CaCO,. 

-1 Ca<JO,i. 

78 

57-0 

40-9 

28-4 

14-7 


440 

419 


94 

158-5 j 

74*0 

108-9 1 

43-3 


6«5 

582 

*" 

115 

T88 ■ 8 1 

JlS-2 

108-4 ! 

87 « 

•f --1’ 4- ‘ 

h52 

1 IfiS 1 

1 

— 



BY H. L. JfiNSeiY. 


279 


The results In Table 10 show considerable decrease in acidity of the acid sand at 
the two first harvests of the free-nltrogen series. The differences In net gain of nitrogen 
are not significant, but the gains per gm. dry nodule show a certain irregularity, being 
higher at acid reaction after 130 days, but at alkaline reaction after 96 and 116 days, 
and the moans of the four values at each reaction are almost identical (935 and 926 
mgm,). Apart from the first harvest the numbers of nodules are consistently higher 
in the acid sand, and this is further accentuated when the numbers are expressed on 
the basis of dry root weight. Apparently a reaction of pH is very favourable 

for root Infection: this reaction also appears optimal for growth of Hhizohiuvi trifoUi 
in pure culture (Snieszko, 1928; Jensen, 1942). 

The combined -nitrogen series shows only slightly higher yields of dry matter and 
nitrogen than the free-nltrogen series. Tlu* total yields of nitrogen are not signiflcaiktly 
different except at the first harvest, when the acid sand has become almost neutralized 
by the sodium nitrate. After 130 days all added nitrogen is used up and small extra 
amounts fixed in some of the pots; these gains corresponded to only 120-190 mgm. per 
gm. di’y nodule. The numbers of nodules In acid sand are not much different from 
those in the corresponding series with free nitrogen, but in acid sand the numbers are 
quite low, particularly at the two first harvests. On a basis of dry root weight the 


TATU.K l(». 
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75 

fii-rt'i; 
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on 
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0-.59 

0 13H 

3-03 

2 • 22 

7 ■ 00 

40fii 0-00 
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«-23 

) -2H 
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2-«H 
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75 

(1 • 3-0 ■ 9 
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0 21 

0-007 

3 fit 

2 ■ 03 

0-70 

22 ■ 8 f 0 - 54 
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n-4-ft-5 

1 -mi i 

0-33 1 

0-«H4 

3-33 

2 ■ 57 

0 ■ «5 

40-5 i 1 1 0 
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no 


5*12 1 

1-00 ! 

0-114 

2 • l>fi 

2-U) 

7 ■ 55 

00 -0 i 1.5 -fi 

4'i)-r>-o 

I.'id 

4 -S' 5-3 

ft • 75 ! 

1-50 

0-135 

2 ■ 03 

i i 

2-71 

0 ■ 50 

11151 22 I 

roinl*. N, 

75 

7.0-7 -2 

0-tt4 

0- 10 

o-oo:i ' 

4-21 

2-07 

... 

7 -21. 1 -24 

fCaeo,. 

w 

7-1 72 ! 

1 47 

0-21 

0-004 

3-30 

2-01 

7 ■ 0.-^ 

H-7.i 1-55 

Initial pH, 

no 

7-3 

4-17 

0'03 

0-<143 

3-1.5 

2-45 ! 

7-00 
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72 

7-19 

1 -fl3 
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! 
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m 
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-f 
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Summary ; Combfnad-nltroiten laoriati. 



Total N in FUntn, 
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-CaCO,. 

+CaCO,. 


-CaCO,. 

+OaCO,. 1 


70 1 

60-4 1 

29-8 

4- 

(0) 

(0) 

Gain ofnltrotten aftat tSu dajm 


74*7 

5«-0 


(0) 

(0> 

in tmo i>ot —CaCO* and 

lie 

182-9 

156-8 


(0) 

(0) 

in two 4-CaCO|. 

130 

248 '9 1 

252-4 

— 

(18-9) 

(26-1) 



Relative Number» and Weights 


-CaOO„ after Bayrt. 

-f-CaCOj, after Days. 

of Nod idea. 

7r> 

96 

116 

130 

75 

06 

116 

130 

j 

Number of noduloa 

Free N 

1424 

1239 

1196 

716 

724 

650 

508 

376 

per giu. dry root. 

Comb. N .. 

1 , 

H44 

1224 

736 

608 

591 

331 

368 

270 

Weight ot nodule’^ in 

Fi-ee N 

2-71 

3-40 

4-25 

2-3.5 

3 22 

2-81 

3*27 

2-92 

% of total dry 
matter. 

Comb. N , . 

0-49 

i 0-60 

1-73 

1 • 59 

0-41, 

0-27 

0-76 

1-20 


numbers of nodules are greatly diminished by alkaline reaction, and much less so by 
the provision of combined nitrogen. The proportional weight of the nodules is on the 
other hand not markedly influenced by the reaction, but is greatly depressed by 
combined nitrogen; it is noteworthy that the weight increases towards the end of the 
growth period when the sand has been exhausted of combined nitrogen and fixation 
begins to take place. 

Esi'periment No. 4 (<^/* lucerne experiment No. 4* Table 6‘). — Clover was sown on 
1st August, 1945; six plants were left per pot and harvested after 63, 82, 96 and 110 
days. The combined-nitrogen pots received at first 2 x 12 and later 2 x 24 mgm. nitrogen 
as ammonium nitrate per week, starting one week after sowing, so that the total doses 
at the four harvests amounted to 180, 276, 372 and 468 mgm. per pot. Growth was more 
vigorous in this than in any other experiment. Table 11 gives the results. 

The acid sand in the free-nitrogen series shows rapidly increasing acidity. The net 
gains of nitrogen are all significantly lower than In the alkaline sand, but very strong 
fixation still takes place between the 82nd and 96th day, during which Interval the 
pH-level falls from B O-6- 2 to 4- 3-4 -7, The results of the final harvest are of limited 
significance because the growth increased very little during the last stage, and the 
roots showed signs of beginning decay at both acid and alkaline reaction. 

The gain of nitrogen per gm. dry nodule is on the other hand at no stage significantly 
influenced by the reaction, but the figures are lower and the proportional weights of the 
nodules higher than in any other experiment. The numbers of nodules are, except at 
the first harvest, two to three times as high in acid as in alkaline sand, and the 
differences become even more pronounced when expressed in terms of nodules per gm. 
dry root. Results like these illustrate particularly well how little correlation there is 
between the actual gain of nitrogen and the number of nodules responsible tbr It. 

The growth in the combined-nitrogen series, especially In the early stages. Is even 
more vigorous than with free nitrogen, which suggests that favourable light and 
temperature conditions have given rise to a rate of photosynthesis too htdh tor optimum 
nitrogen fixation (cf. Wilson, 1940); possibly the unusually high 
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the nodule-fraction might be explained through this, acid sand ahaws pH-values 
as low as in the f ree^nitrogen series, but the nitrogen content of the plants is at no 
stage signlhcantly lower, but rather higher, than in the alkaline sand. After 96 days 
the added nitrogen was used up in all the acid and one of the alkaline pots, and small 
amounts of nitrogen were fixed (110-210 mgrn. per gm. dry nodule, against 650-600 mgm. 
in the tree-nitrogen series after 96 days) ; this is accompanied by a notable Increase in 
the proportional weight of the nodules, as in the previous experiment (Table 10). 
During the final stage very little nitrogen was taken up from the alkaline and none from 
the acid sand; the apparent decrease in nitrogen content is not significant. The roots 
showed obvious signs of decay after 110 days, and some nodules were probably lost. 
The actual numbers of nodules, In comparison with the free-nitrogen series, are only 
depressed by combined nitrogen at the two last harvests in acid sand; the numbers per 
gm. dry root show a large decrease at all stages and both reactions, and the same applies 
to the proportional weight of the nodule-fraction. 


Tabik 11. 

I^itrogm Fixation and Uptake of (JominMd Niiragen by StAtmanean Clomr^ JCxperiment No. 4 (1/8/45 10/11/46). 


Trcfitniorit. 
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j 
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1 63 

f>'l-5-2 

1 -06 

0-28 

0-096 

’ 
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H2 1 

5 -0-5 2 

2 30 

0-58 

0-160 
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2-38 
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2-36 
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0-82 
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2-47 

2-18 

5-42 
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6» 
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0-40 

0 1.H6 
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82 
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2 18 
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90 
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0-62 
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2 16 

0-487 
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03 
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1*24 

(1061 
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0-88 
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82 
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n-62 
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6*02 
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i 03 

7-5--7-0 

1 2 80 

0 90 
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1 6 08 
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i 82 

7-4*.7-7 
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1 -90 
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2*76 

2*62 

6'4H 
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iTiitlal pH, 

90 

7:i-7'5 
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7*18 
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7-0 

no 

1 
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3-88 
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O ' 00 

98 0 4 7*05 


Bumnwiry ; Frt50*nkro«en mrie^. 


! 

N In Plftttta, 
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Tub: Nitrookn-fixinu Eppioiency ok Root Noiuujc Tissue in Lucerne and 
S UBTEKR A NKA N CUOVER. 

From the data of the preceding experiments with lucerne and clover grown with 
free nitrogen we may now» calculate the rates of nitrogen fixation by the nodule tissue 
at successive stages of growth, by the formula of Bond (193<J): 

I 



fx (iri-f-M>2)/2 

where E represents the efficiency of the nodules as fixation of nitrogen in mgm. per gm. 
dry nodule-substance per day, 2 the Increase in net gain of nitrogen per pot in f days, 
and and the dry weight of the nodules at the beginning and the end of the period. 

The figures for lucerne are shown in Table 12, together with the ratios between the 
amount of nitrogen fixed per day and the mean nitrogen content of the nodules at the 
beginning and the end of the period. These figures thus express the efficiency of 
fixation on the basis of nodule nitrogen (EL) instead of total dry matter (Ed.m.). The 
table also contains the rates of transfer of fixed nitrogen from the nodules to the rest of 
the plant; this is expressed as net gain of top and root nitrogen In per cent of total net 
gain, it being assumed that all nitrogen in the nodules results from fixation and not 
from the small uptake of combined nitrogen. 

During the first period of growth the efficiency cannot be determined accurately 
because we do not know how many days elapse before the nodules begin to function 
(probably some 10 to 20 days, to judge from the appearance of the first true leaves, 
which coincides approximately with the beginning of fixation [Fred et al, 1932]) ; these 
figures thus represent minimum values. The subsequent rates of fixation vary betyreen 
11 and 103 mgm. nitrogen per gm* dry nodule per day. Only In three instances (BlxperL 
ment No, 2 at pH 4*5-4*8 and Experiment No. 3 at pH 4‘9-3-7) is there a real indication 
of reduced nodular efficiency at acid reaction, and in Experiment No. 8 the decline in the 
76-91 days period even occurs after a period of exceptionally high efficiency and may ^ 
thus not be related exclusively to the reaction. Tim mean vatnfi9 Sa.p 
alkaline reaction are not filgnlficantly different and similar to the too 
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value of 67 tngiu, fount! by Wozak (1929) under field conditional The values of Ei, 
sliow that the daily yield of the fixation process often approaches the nitrogen content 
of the nodules and sometimes exceeds tt by as much as one4hird. On the average the 
nodules fix 73 to 80% of their own nitrogen content daily, and at least 89 and mostly 
95-96% of this is even in the early stages transferred to the rest of the plant. This 
rate of transfer is considerably higher than In soy beans and cowpeas, where 20% or 
more of the fixed nitrogen may be retained by young nodules, as shown by Whiting 
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0-85 

95 


68 

Ml 

96 

(Table 3.) 
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<18X5), Bond (1835), and Wilson and Umbreit (1937). In one or two instanees the 
nitrogen content of the nodules remains stationary or decreases during the last period, 
with the result that the transfer equals or exceeds the fixation. 

The corresponding figures for subterranean clover are seen in Table 18. Apart 
from the somewhat abnormal case represented by the final stage of Experiment No. 4, 
when growth had almost ceased, the average rate of nitrogen fixation by clover nodule 
tissue appears to be somewhat less than one>half of that of lucerne. The values of Eu.m. 
range from 14 to 41 at acid and 22 to 53 at alkaline reaction, and the means are not 
significantly different. The Eo-values show, if we again disregard the last stage of 
Experiment No. 4, that the nodules fix from about one^sixth (Experiment 1, 62“90 days, 
pH 4-8-50) to two-thirds (Experiment No. 3, 96-116 days, pH 7*3-7*6), and on the 
average one-third, of their own nitrogen content per day. There Is again no significant 
difference between the two ranges of reaction. Owing to the higher proportional weight 

tabls is. 
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and nitrogen content of the clover nodules, the rate of nitrogen transfer is somewhat 
lower than in lucerne — mostly 86 to 94%, but sometimes exceeding 100% in the later 
stages when the nitrogen content of the nodules begins to decrease. As a whole the 
figures for nodule efficiency and nitrogen transfer in subterranean clover are comparable 
to those found in young soy bean plants by Bond (1936) and Wilson (1940). A some- 
what higher efficiency value (56 mgm*) was calculated by Wozak (1929) In rod clover 
under field conditions, but this figure may be regarded as somewhat too high, and also 
the figures In Table 1 suggest a higher efficiency of nodules in white clover than In 
subterranean clover. On the other hand the efficiency of red clover nodules in the 
experiments of Chen and Thornton (1940) appears remarkably low, as mentioned in the 
introduction, and it might be Questioned whether the equal efficiency of "effective*' and 
"ineffective** nodules In equal time and tissue volume, which Chen and Thornton 
observed, would also exist under conditions permitting a generally higher level of 
efficiency (cf. Boyes and Bond, 1942. on soy beans). 

EKFE(rr OF Molybdenum on the Bfficienoy of Root Noditle Tissue. 

A supplementary experiment w'as performed in order to test the possible effect of 
molybdenum and the influence of reaction on the availability of the reserves of this 
element in the sand. The following nutrients were given: KHgPO*, 0-4 gm., CaCl», 0*4 gm., 
MgSO*. 0*2 gnu, NaCI, 0*2 gm.. Fed.,, 0-04 grn., minor salts (with and without NajfMoO*), 
1*2 mgm., and 0*1%, CaCOg in the alkaline sand. Each treatment included four replicate 
pots. Lucerne, six plants per pot, was sown on 31st May, 1946, and harvested after 101 
days, and subterranean clover (seven plants) on 30th May, 1946, and harvested after 
110 days. The results are shown in Table 14. 

The net gains of nitrogen by lucerne are not significantly different, but the gains per 
gm. dry nodule show a clear effect of both reaction and molybdenum. The highest 
weight of the nodule-fraction, both absolutely and proportionally, and the lowest gain 
of nitrogen per gm. dry nodule, are found in acid sand without molybdenum. Addition 
of molybdenum results in an Increase in gain per gm. nodule, significant at the B% 
point; a further increase Is produced by calcium carbonate; buf molybdenum in addition 
to this is without effect. Determinations of molybdenum by Marmoy's thiocyanate 
method (Piper, 1942) show approximately 25 p.p.m. Mo in nodule substance from the 
treatment **+ CaCOa - Mo*', which has a. higher nitrogen-fixing efficiency than nodule 
substance from the treatment CaCOa + Mo’* with its 50% higher molybdenum content 
It thus appears that in this sand the acid reaction has reduced the efficiency of the 
nodules partlp by limiting the uptake of molybdenum, but also in other ways, and that 
the molybdenum concentration of lucerne nodule tissue necessary for maximum efficiency 
lies somewhere between 10 and 25 parts per million, 

(It should be noted that these figures are probably a little too high. The analyses 
were made before it was realized that the presence of iron tends to exaggerate the 
molybdenum figures, as shown by Dick and Bingley (1946). Sufficient material was not 
available for renewed molybdenum determinations, but analyses of some other materials 
suggested that the figures should be reduced by some 10 to 20%,) 

The net gains of nitrogen by clover are likewise unaffected by either reaction or 
molybdenum supply, and the gain per gm. dry nodule is lowest In acid sand without 
molybdenum; this is Increased very significantly (beyond the 1% point) by addition of 
eUher molybdenum or calcium carbonate, but the reaction per se appears to have no 
effect, inasmuch as the gain per gm. nodule in acid sand with molybdenum is as high 
as at alkaUhe reaction. The molybdenum determinations, in which precautions were 
taken against the effect of Iron, show that a content of about 4 p.p.m, Mo is Insufficient 
for maximum efficiency of the nodules, but no further effect results from raising the 
content above ^7 PfP<nL Mo. The effect of calcium carbonate on subterranean clover in 
the abeence^ molybdenum thus seems to consist chiefly In rendering thi^ 

to the plants (cf. Anderson and Oertel, 1^6). 

, locetiike tt also has o^er effects, question naturally arises whether this 
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lower molybdenum requirement ot the clover nodule tleaue ban a oaueal connection with 
Its generally lower nitrogen-fixing efficiency and Ita lesser senslUvity to acid reaction in 
obmparlson with lucerne. 


Tabls 14. 
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The counts of nodules in both plants show that in acid sand the numbers are 
significantly lowered by the addition of molybdemitn, while the pH-values show no 
corresponding difference. In the presence of calcium carbonate, which has rendered the 
molybdenum In the sand more available, the further addition of molybdenum has no 
such effect on the numbers of nodules. The phenomenon of reduction in numbers of 
nodules by supply of molybdenum to soil deficient in this element has already been 
observed by Anderson and Thomas (1946), who also conclude that the ^ect of 
molybdenum on legumes consists In stitnuiatlon of the nitrogen-fixing activity of the 
nodule tissue. This contention, although based only on numbers and not on mass of 
nodules, is fully confirmed by the present results which emphasise that a sulfictent 
supply of available molybdenum is an important factor to be considered in e:i^ri 2 nehtil 
on the effect of reaction on symbiotic nitrogen fixation. 

Several earlier experiments cm this problem seem to acquire a new aspect in the 
light Of these findings, as well as those of 06rtei et at. (194d)* which strikingly ilhistrate 
the effect of molybdenum in widening the pH41ndts for gi^wth of subt^rran^ 

IHie reduction in the effloleney of subtermnean ckiver 
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observed previously (Jensen, 1$43, 1944) might well be due simply to Inhibited uptake 
of molybdenum. The results with lucerne seem also to need reinterpretation. It was 
observed (Jensen, 1946) that not only the efficiency of the nodules (gain of nitrogen per 
gm. dry matter), but also the actual ylfelds of nitrogen, are lowered at a content of only 
2-7 p.p.m. Mo in the nodule substance, a result which agrees with the fact that the 
efficiency, but not necessarily the actual yield, begins to suffer at a limit close to or 
somewhat above 10 p.p.m. Mo in lucerne nodule substance. This may explain why 
earlier experiments (Jensen, 1943, 1944; cf. also Olsen, 1926) showed that lucerne grown 
in soil of pH about 5 fixed only about half as much nitrogen as at pH 7'0“*7*3; the sand- 
soil^mixture used for the main experiments with lucerne (1943, Table 8; 1944, Table 2) 
was the same as used in another experiment (Jensen and Betty, 1943), whei’e nodules of 
lucerne were found to contain only 3*2 p.p.m. Mo at pH 4-9“B*4 against 10 p.p.m. at 
pH 7-6^S‘0. Such a difference in the molybdenum content would be quite likely to have 
a considerable effect on the gain of nitrogen, apart from the difference In reaction. 

The records of several other investigations on the growth of legumes in soil, sand, 
or water culture at different reaction, discussed by Fred et at, (1982) and Wilson (1940), 
seem also to admit the possibility of molybdenum deficiency at the lower pH-ranges. 
In sand culture experiments with soy beans, Hopkins (1935)- found that pH-values below 
6 were unfavourable for growth with free nitrogen, although not with nitrate, and gave 
rise to pathological symptoms (chlorotic spots on the leaves) which were suggestive of 
molybdenum deficiency and disappeared when the reaction was corrected. Alway and 
Nesom (1927) observed in field trials with lucerne on acid soil (pH B-0-5‘7) a far greater 
benefit from soil transfer than from pure culture InocuUi which were effective only when 
lime was applied. The authors suggest as one possible explanation the presence in the 
inoculating soil of small amounts of some chemical compound beneficial to the bacteria. 
The possibility of this active element being molybdenum suggests Itself. 

Genkrai. Conclusions. 

If we try to form a general picture from the preceding experiments, wo find first 
that the reaction of the medium, as In previous experiments (Jensen, 1943), shows 
different effects on the formation and on the development and activity of the root 
nodules. In lucerne the numbers of nodules decrease at acid reaction, particularly in 
the pHdnterval from about 6 to 6, but In subterranean clover the numbers are highest 
at pH 4’6~5'6 and tend to decrease at neutral or faintly alkaline reaction. This may be 
regarded as showing the effect of reaction on the ability of the nodule bacteria, existing 
outside the plants, to Invade the roots and form nodules. Hhizohium trifoHi thus appears 
far more acid-tolerant than Hhizohium meliloti, and this agrees to some extent with the 
behaviour of these bacteria in vitro (Jensen, 1942). However, the acld-tolerapce in sand 
medium appears considerably greater; lucerne forms nodules at pH 5 and less (cf. 
Olsen, 1925, who found sparse nodule formation In soil of pH 4 0-4-4), and a pH-range 
of 4'6-^6*0 is unfavourable for survival of RhizoHum trifoUi in soil (Bryan, 1923; Wilson, 
1926, 1931) and prohibitive to growth in pure culture (Snleszko, 1928; Jensen, 1942), 
although not to nodule formation in agar medium (Jensen, 1942). Further investiga- 
tiona on this point are needed. 

The mass of root nodule tissue is little affected by the reaction beenuse, especially 
In lucerne, the emaller number of nodules In acid sand is compensated by increased 
atae of individual nodules, The aame applies to the nodular efficiency, expressed as 
gains of nitrogen per gm. dry matter, which in lucerne shows definite decreases only 
at pH & and leas, and which in subterranean clover remains unaffected at pH 4*&-4-8 
(adequate moiybd^um supply presupposed). This comparative Insensivlty of the 
nitrogen fixation proceis to the reaction of the external medium must evidently be 
asetibed to the fact that once the lu^Ule bact^^^ have gained entry into the plant, 
the external metton their activities through lu effect on the 

>hwdihilatSon of h^in Internal reaction of the root and especially 

the liitraaodolar reaetjen appears within wide limits 
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independeiat of that of the growth aubatrate (Jenseu, 1948). and the proBOnt e^aperl'^ 
mentB with combined nitrogen, espeoialiy Tables 7 and 11, show no evidence of 
inhibited uptake of minerals, as growth was eaually good at acid and alkaline reaction. 

The lack of correlation between the numbers of root nodules and the resulting 
nitrogen fixation must be viewed on the background of the fact that a heavy inoculum 
of nodule bacteria was provided In all cases. A certain minimum number of nodules 
may be regarded as necessary for maximum fixation, since there would obviously be 
limits to the ability of the plant to compensate for the lower number of nodules by 
increased nodule size, and In a medium harbouring a sparse population of Rhizohium an 
unfavourable reaction might well prevent this number from being reached. A complete 
answer to the question of Interrelation between the reaction of the medium, the number 
and the mass of nodules, and the efficiency of the nodule tissue could probably be 
obtained by growing the plants at several constant pH4evels (flowing nutrient solution) 
and periodically determining the intranodular pH as well as increases in dry matter and 
nitrogen. By altering the reaction of the medium during growth it should be possible 
to define the pH-llmits at which not only the formation of new nodules but also the 
activity of those already formed Is completely inhibited. 

The provision of combined nitrogen in quantities similar to, or somewhat higher 
than, the amounts fixed in the free-nitrogen series has comparatively little Influence 
on the actual numbers of nodules, but tends to lower the numbers in proportion to 
the weight of the roots. The average slxe of the nodules Is greatly diminished, and the 
proportional weight of the nodule fraction is reduced to roughly one-fourth of its value 
in the free-nltrogen series, as shown by the following summary of the weight of nodules 
in percentage of total dry matter: 



Luwiriic. 

Subterranean Clover. 
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(Tablw 10-1 1.) 
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0-26-1 16 

0-27-1 -73 


At the same time the nitrogen fixation almost ceases although It may continue it 
the combined nitrogen is used up. The Inhibitory effect of combined nitrogen on 
nitrogen fixation seems due to reduced development of nodule tissue, as found by Klcol 
and Thornton (1936), as well as to lower efllciency of the tissue formed, probably 
because the available carbohydrates are largely used for protein synthesis with the 
combined mineral nitrogen (cf, Wilson, 1940). There Is no evidence that the total 
amount of root and nodule substance in proportion to the tops is decreased by combined 
nitrogen, us stated by AUlson and Ludwig (1984). 

The data on the nodule efficiency in Tables 12 and 18 may permit some tentative 
considerations on certain aspects of the mechanism of nitrogen fixation and transfer. 
Bond (1986) concluded from experiments with soy beans that the fixation Is a kind of 
respiration process which results in a steady transfei’ of some 80“99% of the fixed 
nitrogen from tlie nodules to the rest of the plant. Wilson and Umbrelt (1987), on the 
other hand, thought that the observations might equally well be explained oh the baiie 
of the views commonly held before, that transfer takes place through disintegration 
of the bacteria In the nodules by proteolytic enzymes of the host oelis, autolysis, dr a 
bacteriophage, and subsequent transport of the soluble nitrogenous digestion products. 

The present experiments, particularly wfth lucerne, show a tumpyer of nodulS^ 
nitrogen considerably more rapid than in soy beans. If we Assume ^ 
that the bacterial tissue accounts for iKJUghly cme^half ol the whole^^^n 
Of (Tables 12 and 13), which should pmperly 
be approximately doubled. The Imik of the 
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ftn<i the perlfereal tissue may probably without grave error be assumed to have the 
same gross chemical composition as the rest of the root substance (cL Bond, 1941), 
The analyses in the preceding tables show that In lucerne grown with free nitrogen the 
ratio (%N In nodules) /( %N in roots) varies between 2*77 and 6*14, with u mean value 
ojf 3*36. The corresponding figures for clover, apart from two abnormal cases in Table S, 
62 days, are 2*33, 5*99, and 3*15, This Indicates that on the average the perlfereal tissue 
contalxis 28-24 and the bacterial tissue 76-77%, or roughly three-fourths, of the total 
nodule nitrogen. A calculation on this basis would raise the values of in Tables 12 
and 13 by one-third; the nitrogen content of the bacterial tissue In lucerne would then 
on the average renew itself In about 24 hours, and in clover in somewhat more than 
two days. However, the bacterial tissue consists of Ehi«ofcium-ceIls ('‘bacteroids"') and 
host cells, of which the relative weights are not known, but the former have probably the 
higher nitrogen content. We may perhaps assume that the bacteria contain two-thirds 
of the bacterial-tissue nitrogen or one-half of the total nodule nitrogen; the En values 
calculated on the basis of bacteria alone would then be dotibled. Provided that the 
bacteria and not the host cytoplasm are the site of nitrogen fixation, and that the 
transferred nitrogen is derived from dead bacterial cells only, the average E„ values in 
lucerne (Table 12) would imply a renewal of the whole bacterial nodule population every 
15 or 16 hours, In extreme cases (Experiment No. 3, acid sand, 56-76 days) even every 
9 hours. While such a rate of reproduction may be conceivable, it appears unlikely in 
view of the generally low reproductive capacity of bacteroids taken from nodules (Fred 
et of., 1932; Almon, 1933). The rate of nitrogen turnover would thus seem to fit better 
with Bond's idea of transfer of a nitrogenous compound secreted by the bacteria during 
active metabolism. This seems also supported by the fact that when nitrogenous root 
secretion occurs, H takes the form of an apparent key-compound of the nitrogen fixation 
process: aspartic acid or its derivative p-alanine (Virtanen, 1938), or, according to more 
recent evidence (Virtanen et ah, quoted by Wilson and Burris, 19^7), a mixture of 
glutamic acid^ aspartic acid, and ^-alanine. 

It also seems entirely possible that the transferred nitrogen may originate from two 
sources: excess of a key-compound of the nitrogen fixation process (glutamic acid?), and 
digestion products of bacteroids dying during the life history of the nodule population. 
The actual existence of the last process seems indicated by the fact that the total 
nitrogen content of the nodule-fraction often decreases during the later stages of the 
plant's life. Investigations on the almost untouched problem of the rise and fall of 
the bacterial population in the nodules might contribute to assessing the relative 
importance of these two processes. The present evidence would seem to favour the 
"secretion" rather than the “digestlon"-hypothe8is. 

Stjmmart, 

Pot experiments with pasture legumes, mostly lucerne and subterranean clover, 
were conducted in sand of acid and faintly alkaline reaction. The rate of nitrogen 
fixation by the root nodule tissue was measured by determining the dry weight and 
nitrogen content of the separate fractions of tops, roots and root nodules at successive 
stages of growth. 

Root nodules of lucerne fixed from 11 to 108 (average, 66) mgm. nitrogen per gm. 
dry matter per day, or 0*16 to 1*86 times their own nitrogen content Significant decreases 
in uodule^efficlency at acid reaction were only observed in sand of pH near or below 6, 
but fixation still took place at pH 4*5-4*8. The net gain of nitrogen per pot also as a rule 
declined significantly only at pH about 5 or less. Generally 94 to 98% of the fixed 
nitrogen was transferred from the nodules to the rest of the plant. 

Nodules of subterranean clover showed a consistently lower rate of activity. Under 
conditions of ylgorous growth 14 to 63 mgm. nitrogen were fixed per day per gm. diy 
mstter, dr 6*13 to 0*66 times the nodule nitrogen content. Mostly 80 to 94% of the fixed 
nitrogen was tranalerred to the rest of the plant The fixation per gm, dry nodule was 
not reaction. The net gain per pot sometimes showed 

decrease at m sand of pH 4*2-4*6. 
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The numbers of root nodules In lucerne decreased conspicuously in sand Of pH about 
6’6 and less. This decrease was associated with an increase in the size of individual 
nodules. Nodules of subterranean clover were, on the other hand, usually more numerous 
In acid than in alkaline sand, and the influence of the reaction on their size was less 
conspicuous than in lucerne. No correlation was found between the numbers of nodules 
and the resulting nitrogen fixation, which is determined by the aggregate mass rather 
than the numbers of nodules. 

Combined nitrogen supplied as nitrate or ammonia in quantities comparable to the 
amounts of nitrogen fixed In tlie same time had relatively little effect on the numbers of 
nodules, but reduced their weight and nitrogen-fixing efficiency greatly. Both lucerne and 
subterranean clover grew nearly equally well at pH 4- 6-5*0 and at pH 7 *0-7 *6 when given 
combined nitrogen. 

A molybdenum content of lucerne nodules between approximately 10 and 25 p.p.m. 
dry substance appeared necessary for maximum nitrogen -fixing efficiency of the nodule- 
tissue. The results of earlier experiments suggest that the actual gain of nitrogen 
decreases when the nodule substance contains only 3 to 10 p.p.m. molybdenum. In 
nodules of subterranean clover a molybdenum content between 4 and 8 p.p.m. was 
required for full efficiency per gin. nodule, but the actual gain of nitrogen did not 
decrease when the nodules contained only 4 p.p.m. molybdenum. 
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ON AUSTRALIAN COLEOPTERA. PART L 
By J. W. if. Armstrong. 

(One Text-figure.) 

[Head 24th September, 1947.] 


Introduction. 

This paper contains the results of an attempted study of the Australian species of 
the families Lagrlldae and Pedllldae, which could not be completed owing to the 
reluctance or inability of several numeums to send material on loan under wartime 
conditions. In the case of the genus Ictyatygna, it would be necessary to examine the 
types, nearly all of which are not in Australia, to reach any finality, It was therefore 
necessary to return the C.S.I.R. collection, which contained the bulk of the material 
available to me, to Canberra, and postpone a complete revision of these families. The 
Ictistygninae of the Lagrildae greatly resemble the Pedilidae, but may be recognized by 
the elosed fore coxal cavities. My thanks are due, amongst others, to Mr. K. C. McKeown 
and the entomologists of the C.S.I.R. 

The second section consists of notes and observations on species belonging to various 
other families. 


Section 1. 

Family Lagkiidae. 

Borchmann dealt with the classification of this family very fully on a world basis 
in 1936 (Genera Jnsectorum) , For the benefit of Australian students, the five genera 
represented in this country may be readily distinguished as follows: 

Keg to Auatralinn Genera, 

1. Elytra wide, expanding conaid^»rably to about apical third ; body obese. (Elytra confusedly 


and in Kome species rugosely punctate.) 2 

Elytra much narrower, but little, or not at all, expanded behind the shoulders ; body normal 
or narrow 3 

2. d with antennae not at all serrate Lagria F. 

d with 0th and 10th antennal Joints conspicuously and sharply serrate . . Bcnolagria Borchm. 

3. Elytra striate punctate : form Clstelld-like Synatraetus Had. 

Elytra confusedly punctate ; form PedUid-Uke 4 

4. I*rorhorax distinctly longer than broad Kgeetriomima Champ. 

Prothorax not longer than broad. (Tibiae, especially the middle pair, denticulate or aetulose 

externally.) lotUttggna Paso. 


Genus Ecnolagbia Borchmann, 

ArcK /. Naturg,, 81a (2), 1916, 49 and 139. 

The following key, baaed on that given by Borchmann (Gen, Intt., Faac. 204, 1936, 
p, 141), should be of use to Australian coleopterists: 

Keg to the Auetralian apeeiea of Sonotagria, 

1. Posterior tibiae of d without sexual characters, l.e., without one or more teeth on the Inner 


mararin % 

Posterior tibiae of d with one or more teeth on the inner margin | 


2. Colour dark; elytra metallic green or violet, very rugose. (Hab^ W.A.) 

V . . 4 . . i aeaeovielodsa Chonap, 

Colour much lighter: elytra reddish, much, more finely punctate, eaijh with two weak dhi ; 
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Z. Posterior tibia© of <f armod with a pronounced medial tooth on the inner margin 4 

Posterior tibiae of cT armed with a row of teeth on the inner margin. (Colour much as In 
grandia. ) 5 

4. Upper surface predominantly or entirely stramineous or light reddish-brown ; basal 

abdominal segment of cT acutely carinate grandia Gyll. ruf^iacena Bois,) 

Head and pronotura blue-black, scuteltum yellowish, anterior third of elytra blue followed 
by a gold band then the remainder purple ; posterior femora of d strongly thickened 
and widely excavated beneath ; posterior tibiae of cf also exc^avatcd for first third, 
second third, Hat and triangularly widened and with a fairly long pointed tooth 
anrofaaoiala Borchm. 

5. Posterior tibiae of d coarsely toothed ; first segment of abdomen carinate, second last with 

a tubercle on hind margin aprWjMs Borchm. 

Posterior tibiae of d very finely toothed ; first segment of abdomen not carinate 

tomentoaa F. (= pulchriiyaria Lea) 

Genua Egestbtomima Champion. 

Trana, Ent. Boc. Limd., 1916, Pt. 2, 183. 

To date this genus has been represented by only two species, E. alhiliniata Cart., 
originally described as an Egestria (Proc, Linn. Soc. N.S.W., 1906, p. 189), and 
E. fulvipennis Champ,, described at the same lime as the genus. Both these species 
are befoi'e me. Two more are now described- Belenopalpus fuscus Mad., discussed below, 


also very probably belongs to this genus. 

The four species may be tabulated thus: 

1. Clothing black or piceua patterned with a«hy-white albiUniata Cart. 

Clothing not thus 2 

2. Form broader, especially the head ; cuticle of elytra wholly black carteri, n. sp. 

Form narrower; cuticle of elytra wholly or mainly testao^us 3 

3. Legs and abdomen black ; anterior medial depression of head stronger . . /ttZvipennls Champ. 


Logs and abdomen castaneous ; anterior medial depression of head not so strong 

co»Cane<i)enfH«, n. sp. 


EqESTRIOMIMA CAHTERl, U. Sp. 

Elongate, nitid, black, antennae, anterior tibiae and tarsi, and palpi obscurely 
testaceous, dorsal surface thickly clothed with stramineous depressed pubescence, 
patterned on each elytron with an oblique clnerescent vitta commencing at tiie shoulders 
and fading out medially just before the apex, suture also narrowly clnerescent, the 
whole intermixed with long serni-erect dark hairs, clothing of ventral surface cinerescent. 

Head slightly longer than greatest width at eyes, basal angles rounded, aides 
expanding a little to eyes, medially broadly flattened, somewhat depressed in front of 
eyes, with variable and fairly close punctures- Antennae slender, segments gradually 
decreasing In length after second. Pronotum as wide as head behind eyes, a little longer 
than wide, subcylindrieal, sides medially constricted, finely punctate, narrowly and 
definitely caniculate on disc. Elytra not quite twice as long as prothorax, twice as long 
as wide, expanding slightly for two-thirds of length, apices evenly rounded, coarsely but 
not very closely punctate. 

Size: 8 mm. x 2-5 mm, 

ffah. — N;s.W., Telegraph Point (H, J. Carter and J. Armstrong), Hastings R. 
(H, J. Davidson). 

Type from Telegraph Pt. in Carter Coll., C-S.I.R.; paratypes in those of H. J. 
Davidson and the author. 

The key given above should suffice to differentiate this species from the others of 
the genus. Of the four specimens before me, three from Telegraph Pt. on the North 
;Coa8t are identical, but that from Hastings R. has all its legs fusco-testaceous. They all 
gppear to be females. 

EgKBTEIOMIKA OASTANEIVENTBie, h. Sp, 

Elongate, nitid, mainly castaneous, head excluding mandibles, palpi, antennae and 
penultimate taritttJ Joint black, thorax and underside with a varying amount of black, 
testaceous at suture on basal half of type specimen, dorsal surface 

thickly clothed with depressed stramineous pubescence interspersed with longer semi- 
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Head half again as long as width at eyes and almost parallel behind them, broadly 
flattened and somewhat depressed in front of eyes, rather closely punctate, punctures 
variable in size. Antennae slender, segments gradually decreasing in length after the 
second. Prothorax as wide as head across eyes, half as long again as wide, subcyllndrical, 
sides medially constricted, finely punctate, obscurely caniculate on disc* Elytra not 
quite twice as wide as prothorax, two and a half times as long as wide, sides parallel 
for two4hii’ds length, apices evenly rounded, coarsely but not very closely punctate. 
Fifth ventral segment of J deeply excavate down middle and deeply emarglnate at apex. 

Size: 10*6 mm. x 2*6 mm. 

Hah. — N.S.W., Ropes Cr., Nov., 1939 (H. J. Carter), Rlvertree (B. Sutton), French's 
Forest (H. Davidson). 

Holotype from Ropes Cr. in Carter Coll., C.S.I.R,, allotype and paratype in the 
author’s coll., paratype in H. Davidson’s coll. 

There are four specimens before me. As stated above, the amount of black on the 
body varies, but Is mostly concentrated on the disc of the prothorax and on the 
metastemum. The species is very close to E, fulvipennis Champ, and was so identified 
by H. J, Carter, but in addition to colour differences, the prothorax Is less constricted at 
middle and the head leas flattened. I have specimens of Champion's species from the 
Bogan and Peel Rivers, N.S.W. 

Family Laokiidae (Species wrongly included in Oedemeridae). 

Two species described by Macleay (Tranft. Ent. Soc. N.S.W. , 1866, II: 311*“2) as 
belonging to the genus Selenopalpus of the Oedemeridae do not belong to that family 
but are almost certainly Lagriids, Unfortunately both types are unique. 1 believe 
S, rnuHtertii to be close to, if not identical with, JctUtygna fasciata Champ. McKeown 
writes that it fits Champion's description very well and could quite easily be the same 
species. S. fuscns is almost certainly an Egeatrioviima, but, having not seen the type 
since studying the genus, I am unable to place it in the key given above. Specimens of 
the other species of Egestriomima were Bubmitted, for comparison, to McKeown, who 
writes that none of them are close enough in his opinion. It is hoped to clear this 
matter up later. 


Family Pediuuak. 

Key to Auatraliau Genera. 

1. Upper surface tubcrculate, eyes very prominent. (Neck not at all visible from above.) 

Anaploptta Blackb. 

Not as above - 2 

2. Neck very narrow ; maxillary palpi serrate. 3 joints ot antennae longer and wider 

than those preceding.) Macratria Nowm. 

Neck (‘omparatively wide; maxillary palpi not serrate 8 

8. Terminal joint of maxillary palpi securiform. (Upper surface very coarsely punctate; 

terminal joint of cf antennae elongate.) *t>iacalla Pa«c. 

Terminal joint of maxillary palpi cultrlform. (Upper surface more finely punctate : terminal 

joint of antennae elongate, except In E. suturalia Pasc.) Bgeatria Pasc. 

Terminal joint of maxillary palpi oblong, subtrlangular. (Terminal joint of cf antennae 

ova te. ) * Sgeatrina Champ. 

Terminal Joint of maxillary palpi ovate, (cf with post tibiae prominently armed on inner 
margins. ) MaeratHaminia OhAmp, 


Genus Buestbia Fascoe. 

Champion (Trans. Ent. Soc, Dowd,, 1916, 194*-5) only recognized two species, 
E. suturalis Pasc. and E. taeniata Pasc,, of this genus, placing E. griaeolimata Fhir. 
and E. pallitihra Fair, as synonyms of the latter. In case of griaeoUneata 1 believe he 
was mistaken. 

Four species are represented in the material before me, including one, of which I 
have taken numerous specimens in the Bogan R. district of N.S.W., that agrees vpry 
well with Palrmair's brief description of E. gHeealiniata. It differs from Jaeftiold 

known to me m nature but must h« y«ry close to Egestria* 
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Paac. inter alia, in having noticeably stouter antennae and tarsi, the former noticeably 
aerrato In the cf- It is not so dark, less shining and more heavily clothed. A long 
series of E, taeniata from the same locality, agrees with Pascoe's description in the case 
of the female while the male is evidently the insect on which Palnnair’s description of 
E. palUtihra was based. They have some noticeable long black hairs at the basal angles 
of the head. The fourth species appears to be new and is described hereunder. 

The four species may be tabulated thus: 

1, Apical joint of antennae not elongate in cither sox; elytra with white imboHcence densest 

at RUture mituralia Paso. 

Apical joint of antennae at lea at as long as the two preceding ; pale pubescence forming 
a more or lews distinct vitta on each elytron 2 

2. Antennae and tarsi stouter, the former serrate in d " ; elytral markings well defined 

f/riscohainfa Fairm. 

Antennae and tarsi slender, the former filiform in both sexes; elytral nmrklngs not so 
dellnlte 3 

2. Apical joint of antennae as long a.s three preceding in d and as twtj preceding In 9 ... 

farniata Pasc. 

Apical joint of antennae longer than the «lx preceding in ,d and as long as the live 
preceding in 9 * antfjnnalis, n. sp, 

EtJKSTRIA AJfTKKK.AMM, 11. Sp. 

cJ. Elongate, black, elytra and second, third and fourth abdominal sternites ferrugino- 
testaccous, tibiae, tarsi and joints 3 to 10 of antennae ferrugineoiis ; clothed with pale 
semi-erect pubescence, becoming testaceous on head and sides and apex of elytra, each 
elytron with a wide oblique vitta from shoulder to suture just in front of apex (as In 
E, taeniata) of grlseus more depressed pubescence. 

Head transverse, moderately and confluently punctate. Pronotum elongate, expanded 
a little before middle, not quite as wide as head, finely and closely punctate with a 
medial line traceable from base to neck. Scutellum densely pubescent. Elytra wider 
than prothorax, twice as wide as base thereof, shoulders rounded, sides thence gradually 
narrowing towards apex, this evenly rounded, not so closely nor so finely punctate as 
pronotum. Antennae, joint 2 shorter than 1, 8 and 4 almost twice as long as 2, 5 to 10 
becoming progressively shorter, 11 subcyllndrical, slightly bent at middle, and longer 
than preceding six together, 

sue: 9 mm, x 2*25 mm. 

Darker. Elytra fuscopiceous, sides parallel. Abdominal sternites dark. Antennae 
with terminal joint thinner from middle to apex and as long as preceding five together. 

Size: 11 mm. x 3 rnm. 

Hah , — South Queensland, Milmerran (J. Macqueen). 

Holotype and allotype in the Australian Museum, paratype in the C.S.I.R. Coll. 

Three specimens, including the sexes, taken during December, 1926, represent a 
species that is very similar to E, taeniata but is at once distinguished from that species 
by Um longer terminal joint of the antennae in both sexes. The antennae are not quite 
so slender; Its form is rather more robust and the punctures of the pronotum are finer 
and closer. As mentioned previously, the fj of Pascoe^s species has black hairs on the 
head. 

Macuotkxomjma boinoKHA Champ. 

Tram, Ent, Soc, Land,, 1916, 167. 

Five specimens, two from N.S.W. and three from Western Australia, cannot be 
sufficiently dlfferentlg-ted from the description of this si>ecles to be regarded as distinct, 
though the posterior tibiae are less strongly curved than In Champion's figure. The 
colour of the legs is variable, being red In two New South Wales and one Western 
Australian specimen and darker, almost black, in the other two Western Australian 
Specimens with the exception of the anterior tibiae. The clothing is stramineous on 
the New South Wales speoHnens and grlseus on those from Western Australia. The 
species was desc^bed from New Guinea. 
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AUSTKAiaAN <lca-KOi?TK»A* tkWt I, 

Maobatria &AviD«owA«, i». sp. 1. 

Elongate, uniformly castaneous, nltid, rather sparsely clothed with depressed golden 
pubeaoence, becoming thicker at the tibiae and tarsl« and with occaslotxal longer, dne, 
erect setae. 

Head slightly longer than wide with two shallow depressions between base of eyes 
connecting with a short sulcus at base, finely and closely punctate; eyes large. Antennae 
long, about half length of Insect, slender, Joints S to 11 thicker cylindrical, 9 and 10 
each as long as 6 and 8 combined, 11 not quite as long as 9 and 10 combined. Prothorax 
very long, three-fifths as wide as long, dot quite as wide as head, widening to just 



before middle then narrowing uniformly to apex, disc subcon vex, fairly closely and 
finely punctate. Elytra three times as long as wide, slightly over half as wide again as 
pro thorax, almost parallel sided, very slightly narrowed hind wards, suture raised after 
basal fourth, a small elongate basal depression inside each shoulder, closely and finely 
punctate, punctures becoming still finer towards apex and are not at all linear in 
disposition (they are closer than Indicated in the figure), First Joint of anterior tarsi 
enlarged, about as wide as the tibia and as long as the two following joints combined, 
densely pubescent beneath. 

Size: 9 mm. x 2 mm. 

Ha&.~N.S.W., Acacia Plateau (Davidson). 

Type unique in the author’s coll. 

This very large species, of which there is a single example before me, does not come 
near any Australian species known to me or of which, 1 seen the descriirtion* It 
is to be noted that X have not seen the descriptions of Plc^s two Australian specie^ 
if. banUfaaH and M. pallUiceps, which are not ayatlable in this country. €hami>t<m 
(Tran*. Bnt 8oc. Lend,, 1916, 201) mentions the enlar^red basal Joint of the anterior 
tarai as a character to be found In certain troiilcal American forms, 1 have to thank 
my friend H. J. Davidson for permission to describe thia insect and also lor; 
accompanying figure, XI is named after lire. l>avidson/ whose ability as 4 adileetdr v 
led to its capture, ■■ 
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Seotiow 2. 

Borne misceUaneous notes on species of various families. 

Family Cupidak. 

0 mm A MA 8TER81 Macl. 

Tram. Ent. 8oc, NM.W., 11, 1866, 169. 

A fine example of tljis species, taken on the bank of the Bogan River between 
Nyngan and Dandaloo, N.S.W., indicates that, though rare in collections (the only other 
specimen known to me, is the type from Oayndah, Q.), the species is widespread. The 
black and white scales are so arranged as to give a striking resemblance to the female of 
one of the commoner species of MutllUd wasps. 

Family Coi-vmiDAK. 

Neotbichits aoanthacoixis C. and Z. 

Pboc. Linw. Soc. N.S.W., Ixli, 198T. 195, PI. lx, fig. 16. 

A series of specimens of this beetle was taken by me, at the end of December, 1945, 
on a species of Loranthtia (mistletoe) growing on “stringy-bark*' {Eucalyptus sp.) at 
Inverell, N.S.W, The beetles were confined to the mistletoe, occurring on a number of 
different plants, so may breed in the dead twigs. Mr. McKeown, of the Australian 
Museum, kindly compared specimens with the unique type which is abraded. Fresh 
specimens are clothed with broad, short, depressed scales, interepersed with groups of 
darker, erect, stout, blunt hairs, the latter disposed principally along the pronotal 
prominences, in tufts on the elytra and as a tuft over each eye, with a lighter coloured 
row in the vicinity of the clypeal suture. The flat scales are ctnerescent fulvous and 
brown, and form a complicated pattern, but are almost entirely fulvous on the sides of 
the prothorax. 


Family Bostbychidae. 

Xylabosca Lkai Lesne. 

Awn, 8oc, Ent Fr., 1900, 570. 

Lea (PRoc. Linn. Soc. N.S.W., xxxvi, 1911, 474) places this species as a synonym of 
X hispinosa Mad, without giving any reason. I have seen several specimens, Including 
one identified by Irea himself, that are quite evidently distinct from X. hUpinosa by 
reason of the fringe of long hairs on the head and the front of the pronotum being 
distinctly concave when viewed from above. There Is a specimen in the Tasmanian 
Museum that appears to be the of this species. It has the above-mentioned characters 
In addition to which the elytra are shorter and the apical declivity more abruptly 
flattened than In X. bUpinosa, The two apical spines are longer and more slender and 
for the first half of their length they are almost parallel, then rapidly diverge so as 
finally to be almost at right angles. 

Xylabosoa HiRTicotuB Blackb. 

Trans. Itoy. Boc. H.A., 1897, 92. 

This species, described from Western Australia, extends to New South Wales. An 
example was recently taken by me on the Bogan River above Nyngan. 

Family Byrrhidae. 

Bybrhinus piTBivENTRifl Lea. 

Bee. 8. Aust Mus., 1920, i, 277. 

Boven specimens, evidently part of the original series taken by Helms on the Upper 
Ord Elver. N.W. Australia, submitted to me for Identification by Mr. Scott of the 
Western Australian Department of Agriculture, have the upper surface pubescent except 
^ere It la obviously abraded. Two specimens are almost completely clothed. When 
he described the upper surface as glabrous, Irea was deceived by the uniform abrasion 
W the three speoltnens In the type series. 
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Family HiaTEEinAE (Species wroDifly included in CorylophWa^), 

Acritm stem^Ha Lea = Ittrion prosternalia Deane, n. syn» 

Examination of a aeries of litriofi prosternaHs Deane (Including a cotype), which 
was referred by its author to the Corylophldae, has convinced me that the insect belongs 
to the Histeridae. It was described and figured (Pwoc. Linn. Soc. N.S.W., 15132, 334) 
from material collected by myself. A comparison with the description of Acritua 
atcrnalia Lea (Tmnfi. Ji!nt. JSoc. Lmid., 1925, 262) leaves little doubt that it is synonymous 
with that species. In Deane’s figure the tarsi appear to be four-segmented, but this Is 
the case only with the hind pair. Under the microscope, using a fairly high power, 
the 10th and 11th antennal Joints can be perceived In the compact club. 

Family BtTpRKSTipAE. 

Nkobxtvrestis TUI8UI.CATA Cart. 

Proc. Linn. Soo. N.S.W., Ivil, 1932, 102. 

My collection contains a pair of this species, taken within a mile of the type locality. 
The description was based on a single ? which was stated to be glabrous. In fresh 
examples this is not so, as the pronotal sulci have the punctures filled with a white 
meal, which is also present on the head and in spots on the elytra placed in a basal, 
medial, and sub-apical zone and as a double post-medial spot on either side of the suture. 

The is similar to the 9 except that the legs are much stouter, especially the medial 
pair, in which the tibia is thickened to approximately the same size as the femur. It Is 
much smaller. 

Size: 11 '6 x 4 mm. 

Allotype c? in the author’s collection. 

Hypooissrib ornata Cart. 

pRoc. Linn. Soc. N.S.W,, xlvlli, 1923, 176. 

In December, 1945, about 20 specimens of this species were taken by me on a species 
of Loranthua (mistletoe) growing on ^‘strlngy-bark** (Eucatyptua sp.) near Inverell, 
N.S.W. A pair were also taken some years ago from another species of Loranthua on the 
Bogan River, N.S.W. 

Castl ARINA BooANiA Cart. 

Piioc. Linn. Soc. N.S.W., Iv. 1930, 634. 

Since this species was described, a number of specimens have been taken, every 
year, during November, on the flowers of Mpoporum platycarpum*, only very rarely on 
other flowers out at the same time. My thanks are due to Mr. R, H, Anderson, of the 
Botanic Gardens. Sydney, for the botanical name. 
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iNTttOlMICTlON. 

Azoiohacter indieum Starkey and De (1939) was isolated from rice soils In India 
and was found to grow and fix nitrogen over ti range of reaction from pH about 3 to 
about 9 (Starkey, 1939). It thus forms a remarkable contrast to other species of 
Azotobacter in which nitrogen fixation ceases at pH 6 and less (e.g., Burk ct aL, 1934). 
It is not known whether Az. indicum also occupies a special position with regard to 
molybdenum (or vanadium), which is essential or at least stimulating for nitrogen 
fixation by other Azotobacter species (e.g., Horner et at,, 1942), and calcium, which 
appears to be a generally essential element (Krzemieniewska, 1910; Burk and 
Lineweaver, 1931; Horner and Burk, 1934; Burk and Burris, 1941). Some experiments 
in this direction have been made with a strain of Az. indicum kindly supplied to me 
by Dr. R. L. Starkey, New Jersey Agricultural Experiment Station, New Brunswick^ 
N,J., U,S.A. 


Metuoos. 

The basal medium had the following composition, unless otherwise stated: carbon 
compound (mostly sucrose), 20-0 gin.; KaHPO,, 0*25 gm.; KH»PO„ 0-25 gm.; MgSO,, 
0-2 gm,; NaCl, 0-2 gra.; FeSO„ 0*02 gm.; distilled water, 1,000 ml. Calcium, usually as 
chloride, and molybdenum, as sodium molybdate, wore added in varying concentration. 
The salts were of ordinary analytical purity. Duplicate, or sometimes triplicate, 
cultures were grown in 26 ml. medium in 260-c.c. Erlenmeyer fiasks or round fiasks of 
Pyrex glass; the former gave more rapid growth, probably owing to the larger surface 
area of the liquid (cf, Wilson and Burris, 1947), but upon the whole the growth in 
favourable media was very vigorous and accompanied by abundant mucus formation, 
which after a few weeks gave the cultures the appearance of a flour-paste. Incubation 
took place at 30-32*0,, in some cases 36-38 *C.; the temperature seemed to make little 
difference within these limits. Nitrogen was determined by the Kjeldahl method, with 
aelenlum as a catalyst and n/28 sulphuric acid and sodium hydroxide for the titration. 
The whole culture was analysed, except in a few instances, when an aliquot was taken 
tor glucose determination by the method of Lane and Eynon. The nitrogen content of 
cultures analysed immediately after inoculation was subtracted from that of the 
incubated cultures to give the net gain of nitrogen, which in the subsequent tables is 
always expressed aS mgm. per 25 ml. medium. Control cultures of P/teudomontut 
j^cyttnea, Hhizobium and A$pergillHS niger, incubated together ,wlth the 

puitures of Azotopacter, showed after two to four weeks mere traces of growth and no 
iighlttbsnt «alns of nlt^ than 0*1 mgm.) ; assimilation of combined nitrogen 

Irpi^a ^0 Ibeubato^ may thus be practically disregarded. The inoculum of 

is. of a drop of ceU ansp^ from young agar slope cultures, or 

colturqs Ip JdO* or Ohiree solution when these elements were to he tested. / 

^ant;"^iturs'' 'Clbepartmeof of/^eterlology), -Lyngby.' 'Denmark. ' 



SOO KtTROC^EN EIXATK>K BY AROTO^ACTISR XATBXCCM, 

ExPBBzarEOTAt Ri!3«t;i;T8. 

Pretiminary Tests, Yery little nitrogen (O'l to 0*7 mgm, per flask in 14 or 16 
days) was fixed in glncoae or sucrose medium to which no molybdenum was added. 
The fixation rose to 4*0-6* 6 mgm. In medium with 6 parts per million of sodium 
molybdate, but the same quantity of vanadium sulphate or ammonium vanadate had 
no effect. Nitrogen fixation was equally strong in the presence and absence of 0*026% 
calcium chloride; 0*2% potassium oxalate had no inhibitory effect on Az, indicum, 
although It completely suppressed nitrogen fixation by Az. chrooeowurn, In subsequent 
experiments, where molybdenum was not Che factor tested, 6 p.p.m, sodium molybdate 
2-4 p.p.m. Mo) was added; calcium was only added where actually stated. 

Various organic growth factors, such as pure biotin, potato extract, lucerne-root 
extract and soil extract, did not significantly increase nitrogen fixation, but 0*1% agar 
had a conspicuous effect on the fixation, which in ten days amoifnted to 9*6-10*0 mgm. 
in medium with agar, against 1*6-2‘S mgm. in control medium (ct Rippel, 1936). 

Qualitative tests with various sources of carbon (organic acids as sodium salts) 
showed no growth, or trace only, with butyl alcohol, butyric acid, valeric acid, citric 
acid, xylose, maltose, lactose, and starch. Scant growth was produced with ethyl 
alcohol, acetic acid, and lactic acid, but fair to good growth with glycerol, mannitol, 
sorbitol, succinic acid, malic acid, srablnose, glucose, levulose, galactose, sucrose, 
raffinose, and inuUn. 

Experiments with Molybdenum, The source of carbon In these tests was commercial 
sucrose (ordinary white table sugar), which previous experiments with Az, chroococcum 
had shown to be very poor in available molybdenum and/or vanadium, and which was 
further purified by filtration through animal charcoal (cf. Horner et ah, 1942). In 
the first experiment a strongly nitrogen-fixing strain of Az, chroococcum was grown in 
medium with 0-1% calcium carbonate for comparison with Az, indicum. 

The figures in Table 1 show that both species fix only a very small, and Az, indicum 
hardly a significant, amount of nitrogen In the molybdenum-free medium. The 
stimulating effect of molybednum on Az. indicum begins at a concentration of 0*1 to 
1 'Oy per litre, and increases with some Irregularity up to 1 mgm. per litre. Vanadidm 
is entirely without effect. It is further noteworthy that the omission of calcium 
carbonate from the medium causes almost complete cessation of the nitrogen fixation 
by Az. chroococcum, while Az. indicum grows well in the calcium-free medium with 
sufficient molybdenum concentration. Its growth, however, is much slower than that 
of Az, chroococcum. 

Higher concentrations of molybdenum, and another form of vanadium, were tested 
in a second experiment, recorded in Table 2. The gains of nitrogen are somewhat 
higher and more consistent than in Table 1, and the optimum seems to be reached 
at a molybdenum concenti'ation of 0*1 p.p.m. Vanadium is Ineffective also as sulphate. 
These results show clearly that the nitrogen-fixing enzyme system of Az. indicum 
resembles that of other Azotohacter species in so far as molybdenum is stimulatory 
and apparently essential for its activity, but it differs by not responding to vanadium; 
In this respect Az. indicum resembles several strains of nitrogen-fixing Clostridia 
(Jensen and Spencer, 1947). 

Experiments with Calcium. Media with pure sucrose (Ourr, **Bacteriologicar^) and 
glucose (Malllnckrodt) were first tested, with increasing doses otf calcium chloride. 
An attempt was made to purify the sucrose medium further by the procedure 6f 
Waring and Werkman (1942) : repeated addition of 6-hydroxyquinoUne and extraction 
with chloroform at pH 10. (According to Prodlnger <1940), calcium is complet^y 
precipitated by 8-hydroxyquinoline at pH 9^2 and above.) This, however, proved 
unsuccessful; less than 0*1 mgm. Ca was extracted from a solution of |0 gm; 
cominercial sucrose which by direct analysis was found to contain appr^in^o^lOly 
0^6 mgm.'Ca.'' - 

As Shown in Tdbie 6, vigorous growth; and nitrogen took placey ^ 

has no effect; neither U the^r^ any of inhiMUon hr csNW 
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Tablb 1. 

MSf0ti Mulyhdenum on NUr<^m FinnaUim bu Azotot^scter indfciim aiul 
Afsotobftctor chroococcuin. 


Az. iftdicum. 

Az. chroocomt^. 

Modhim. 

# 

Oalii of K, 
mgin. per 
CxiHure. 

Medium 

( f0*l% CaCO,). 

Cain of N, 
niffm. pi’T 
CuJture, 

Control (-Mo) 

O Ofr-0- II 

Control (-Mo) 

0*19-0 23 

O’OOOl p.p.tn. Mo 

0 -20-0 20 



0(H)X 

0 38~0 ‘5« 

0*001 p.p.m. Mo 

0 *34**0 44 

0002 „ „ 

0*73*0 76 



0 006 

1 0*83-1*04 



0 01 „ 1 

1 56-2*32 

1 


006 „ „ 1 

1*74-242 



0*1 „ I 

i 1 35-1 *63 



1*0 .. ' 

2 *2iV3 93 

1*0 p.p.m. Mo 

7 *81-8 03 

0-2 V 

0*08-0 10 

(1*0 „ „ -CaCO.) 

0' 14-41*24 

2 0 „ 

! 007-0 11 j 

* 1 




** ' 



25 ml, Huerose nitMlUim In 250 c.c. round Ma»k»«. Initial N -content, 0 08 mgin. 
Incubation 18 da>i!t H5‘' 0. (Az. chrtKteocmm 8 dayH). Vuimdluin as N H^VO*. 


Tablv 2, 

Mfficl of Moluhdenum m hy AzotobackT Indlciim. 


Medium. 

Gain of a, 
insni. per Culture, 

Ckmtrol (-Mo) 

0*13-0' 14 

01 p.p.m. Mo 

3* 81-4 10 

1 0 „ 

3 *6.5-4 28 

6-0 „ 

a 60-3 *69 

10*0 „ 

4 ■14-4-48 

1*0 V (fts voscu 

0 16-0*19 


25 ml- Hucroae tuedlmu in 250 c.c. round flasks. Initial 
K-contont. 0 *07 nupn. Incuimtlon 2i days 30-»2‘^ C. 


in the glucose medium, as reported by Starkey (1939). It thus appears that calcium 
is neither essential nor stimulatory, or else the impurities of the medium must have 
been sufficient. 

The calcium content of the sugars was determined by ashing 30 gm. sugar in a 
silica basin and taking up the minute residue in a small volume of hot dilute hydro* 
chloric acid from which the calcium was precipitated with ammonium oxalate at 
pH 6. The precipitate was collected and washed by centrifugation, and calcium was 
determined by titration with n/30 potassium permanganate, using a microburette with 
Ml ml. divisions. The glucose and the sucrose were found to contain 0^0 and 
0-^8 mgm. Ca^ respectively, In 30 gm. The sugars thus Impart contents of 013 and 
0‘16 p.p,m. calcium to the medium when added in amounts of 20 gm, per litre. These 
OfUahUtleS together with the possible impurities of the other constituents thus seem 
Mly to cover the calcium requirements (If any) of As. indicam. 

A more purlhed medium was mode up in the following way. Concentrated solutions 
(i/SU of the lUmI vd were prepared In two portions, the phosphate being kept 
Separate from the rest ot the constltuettts, sufficient potassium oxalate was added to 
five a ffiial (U>ncentration^^^S^ left overnight, the slight 

Ware removed hr dnhllr made up to 
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YOluHie with triple^dis tilled water aa used for blood transfusion. The phosphate was 
supplied as sodium salts in order to avoid ionic Imbalance. Caletum was added as 
0*1% calcium chloride, which suffices to precipitate the oxalate and leave a small 
surplus of calcium in the solution. 

The results, which are given in Table 5, show good growth in the calclum-free 
medium and no benedcial effect of the calcium; in fact, one culture in glucose medium 
shows an inexplicable reduction in nitrogen fixation. 


TAW*1! 3. 

NUroitffit' fixttHm by Az(>ti)i»ttcter lndicum in with varifinu Vaicium Ctintmt. 


^^uorow! 

MtMlhini, 

[ 1 

(lain of .N, 

1 iiigni. j)nr 

("iilturc, ! 

1 

Gluwwe MKllum. 

j 

Onlii of N, 
tUKTn, IMJT 
Culture. 

Control ( -("a) j 

i 

j a 110-3 -42 

! (iontml (-Ca) 

1 

ft '.51 -*7 -00 

20 p.p.m. ru 

2'4«-2-78 j 

1 10 t>.p.nt. Ca 

5 -03 -6 n 

100 .. 1 

a- 61-4 16 

ion 

0-01-6-20 

260 , I 

! a -88* a 03 

260 „ 

1 6 -27-5 -76 

600 „ j 

^ 2 -5.6-2 -85 

250 „ „ {m CaCOJ 

■» 

1 6 ■ 82"loAt 


Sucroftc niodiuiu : 25 ml. In 250 c.c. round rtaskH. Inltlttl N -content, O' 00 nitfir>. 
Incubation 20 d. 00-02'^ V. Olucotw-mcdium : 25 ml. In 250 c.c. Erleumeycr IhiMkij. Initial 
N*conUiiit, 0 06 mgin. Incubation 10 d. 30-22“ C. 


TAlil.B 4. 

hfUroffen Fixatifjn h\t Asotobacter indicum in OmMfe-purlfiiui MfMum, 


OhictiNc Medium. SucroHc Medium. 



Control 
( Ctt). 

4 0 1% (^ttCl,. 

(Jontrol 

(-Cfa). 

-4 0 1% CttCb. 

tfain of N, mgm, per 
culture — 





a 

7 70 

i 7-72 

9-22 

8-62 

6 .. ; 

7-8« 

1 (3*92) 

9-47 

7-33 

c . . . . 

7-29 

7'49 

9<H) 

9-40 

Moan . . ' 

7‘6 

0-4 

(7-0) 

9-4 

8-6 


26 mi. medium in 260 c.c. Krlenmeyer flaaks. Initial N-<K>ut©nt, 0-07 mgm. (giuooso), 
0 -10 mgin. (aucTOBc). Incubation 18 dayn. 30" 0. 


To eliminate the possible effect of the small amount of calcium remaining In 
solution as oxalate, an experiment was performed In medium made up with triple- 
dlatllled water and extra pure glycerol, distilled in vacuo from A.R. grade glycerol, 
which could be regarded as practically free from calcium. Since glycerol is only a 
moderately good source of carbon, 3% was given Instead of the customary 2%, and 
the cultures were Incubated for four weeks. The results iu Table 6 Show vigorous 
nitrogen fixation in the calcium-free medium and, except for a remarkably high gain 
in one of the cultures with IfiO p.p.m. Ca, no stimulating effect of calcium chloride. 
Calcium carbonate, at least in the higher dose, shows lu this case a definite Inhibitory 
effect. 

A final experiment was designed to provide lor the possibility of small amounts 
of calcium coming Into solution from the Ryrex glass, which was stated by the 
tnanufacturers to contain only 0*4% CaCt The cultures were grown in silica evaporation 
of 9 cm. diameter, covered with Petri dish Uds* The medium 
i&^um^lstUled glycerol; one portion had the custotimry 
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two concentrations of calcium chloride; another portion was made up with sodium 
phosphate and potassium oxalate as above (no visible precipitate appeared). The 
result of this test is seen in Table 6. The growth in the oxalate- treated medium was 
slow nnd irregular, but good in the plain medium, and in both cases the addition of 
calcium shows no effect. 

It seems Justified to conclude that calcium is neither essential nor stimulatory 
for nitrogen fixation by Az. inclicum, or else quite infinitesimal amounts must be 
sufficient for maximum yield. In this respect as well as with regard to reaction 
Az, indivum thus differs strikingly from Az. chroococcum, which for optimum nitrogen 
fixation requires a supply of 0-3-0‘4 mgm. calcium per gm. glucose (Krzemienlewska, 
1910). 


Taio.k S. 

lii/n-nin* in Purr (thnrrol 


1 

i 

fJafii of N, 
tiittnj. por CulUuf. 

Cunt nil 

3 01-4 -05 

JC li.p.m. Ca ns CtU'l, , 

.‘t'77-SS5 

hhj „ „ „ 1 

B'0or»-(io 


6 • 76 

160 „ C!mCO, I 

2 87-JJ O:i 

TiOO .. „ 

i' 82-2 '.'5 7 

25 till. 6% Riyct'rol MU'dluni 

ill 250 c.f. ErlenineyiT 


liiltittl N-mnt(*iit, U 05 in«ni. Inonijiitlon, 28 OayM 5U)- Ji2’C. 


Tablb «. 

Fixation btf A7.ototiacU*r liuUonin in (jiiurtrol with and 

without Oratate. 


Medium. 

! 

Gain of X. 
infirm, pvr Cultnn'. 

- 

1 

Plain, -Cla 

4 •28-4 -72 

,, 10 p.p.m. Ca 

4-22 4 37 

„ HHi 

2 -82-4 10 

OxftlaU'-iMirlflod, ~Cft 

l‘23-2‘04-2‘59 

„ .. +0 1% 

0- 52- -2- 87-2 -88 

25 ml. fdvoerol tiiedimn In hIHcu baxUin, 
Incubation, 21 d, 30-33*' C. 

Initiftl N-content, 0 OH niffin. 


^(Vperintents uHth Agan The effect of agar, observed in the preliminary tests, 
was studied in more detail in the customary medium with sucrose and 0T% fibrous 
agar. Two other colloidal substances, soluble starch and pectin (commercial, from 
citrus fruits), were also tried, and a teat with calcium carbonate was included. The 
results are seen In Table 7. Corrections were made for the small amounts of nitrogen 
present as impurities in starch (007%), agar (014%) and pectin (0*38%). 

The accelerating effect of agar on the growth is very striking, especially after ten 
days, Starch has a similar but lesser effect, while pectin is inactive. Calcium 
carbonate seems to have no significant infiuenoe in this case. 

Another experiment with starch (Table 8) confirms the small stimulating effect of 
starch in comparison with agar, and shows that the starch Itself does not serve as 
materW for nitrogen fixation. 

The fact that Ae, indic^m is not stimulated by various organic substances, as 
4t>«e*‘^ed in the tests, renders it unlikely that the effect of agar was due 
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TABlg ?, 

Mffeet of OoUofdal SubManwfi and OaUdum Carbo^tutto on HUrogon TixtHion hy AxotobA0t«r 

Indi^utn. 


Medium. 

Gain of N, 

mum, per Culture, after 

5 Days. 

10 Days. 

20 Days. 

Coutnd 

O ' 61-0 68 

2 08-2 '20 

4'«2*-6a0 

01% agar 

1 18-1 -74 

7 -23-6 *08 

ie‘66-10'81 

0 ‘ 2% starch 


4 '46-4 -68 


0*6% p<*c,thi 


2 04-2 07 


10% CaCO, 



5 71” 6 26 


26 ml. nucrcw! tiifnlium lii 860 c.c. Krkmucyor flasks. Initial N-contr^Ht of control 
inMiiitn, 0 • 05 ingni. lijcii ballon at 30-32” C. 

* Some aniinoula wa^t lorit during tlH? dtHtUlatlon. 


Xabt^k 8. 

Comparative Influence of Starch and Agar on Niiroincn FitaH/yn by Azotobneter 

indicuni. 


Medium. 

Gain of N, mgm. 

per Cultuw!, after 

8 Days. 

18 Days. 

Ooutrol . . . , . . . . 

0-89-1 -20 

3-70-3-98 

0’2% starch 

0'9(M08 

4*24-5*30 

0‘4% 

1 DM 23 

4 '91-6 09 

01% agar 

1 58-3-02 

6-30-.7'22 

0*4% starch (-sucrose) 

1 


0-05-0 05 


26 ml. sucrose medium in 250 c.c. round flasks. Initial N-content of control 
mwllum, U 06 mgin. Incubation at 3l)~32” C. 


to any growth compound or other organic impurity. However, an experiment was made 
with varying concentration of agar purified by maceration in water for five days at 
30 ‘'C.* extraction with dilute acetic acid, and washing with distilled water. The 
results in Table 9 show that the accelerating effect Increases with the agar concentration, 
particularly from 01 to 0 2%. The purification has Indeed lessened the effectiveness 
of the agar in comparison with the untreated material, but this may well be due to a 
notable loss of gel strength in the purified agar (cf. Hlppel, 1936), and not necessarily 
to removal of impurities. 

A final experiment was made in 2*5% glucose medium with 0-1%. untreated agar; 
glucose consumption as well as nitrogen fixation was estimated. The bacterial substanoe 
was precipitated, together with the agar, by addition first of a 10% solution of aluminium 
chloride and then of sufficient normal sodium hydroxide to precipitate the aluminium 
as hydroxide, which carried down most of the slimy growth and the agar, where present. 
The precipitate was centrifuged down, the sediment was washed with distilled water, 
the centrifugate was made up to a definite volume, of which an aliquot was taken for 
glucose determination, and separate nitrogen determinations were made in the rest of 
the centrifugate and in the sediment. From 7 to 20% of the total nitrogen was found 
in the centrifugate, but this does not represent strictly extra-cellular nitrogen, since 
complete precipitation of the bacterial substance was dillleuU to obtain. Table 16 
the resalts. 

The economy of nitrogen fixation, 15 to 18 ingm. per gm. consumed sugar, k 
the same as in other speicies of Asofobaoter* The effect of the agar seemw 



BT n. 1. 


306 


Taulb: 0. 

Jikfhtmtie of VatyinQ Agar Conttmiralion on Nitroi/en Fixation (ty 
Azot<obA€tor iiultt'.um. 


Medium. 

1 

Gain or N, 
nigni. per Culture. 

Oontrtd (Hajjar) 



3-33-3*34 

0 05% agar, purified 


• ■ 


n-1% M 


•• 

5*43-5-51 

0'2 



7*95-8*18 

0*4 „ 



8- 8b 9 22 

0*1% ,, untreated 



8 -30-8 *32 


25 ml. Hncnmt^'iiU'dhtrn In 250 v..c. Ki'lenmoynr Initial 

N-cont<>nt uf control medium, O' OO iiiKm. Incubatkm, 12 day»?i HO“:i2'^ 


Table k». 

NitTog<>n Fixation and (Jlmoie (Umitumption by Azott)back"r imllcnm. 


Medium . . . . . . . . 

CJoiitrol (-Asar). 

! 

j 'fO-1% Agar, 

Incilbatiou day^ . . . . . . . . j 

* 

1 

i 

1 

8 

10 

Gain of N, mgm, per culture-' 

1 ' 1 
i 

1 



a . . . . . . . . . . 1 

l'3i> j 

« 52 

5-88 

9 5Z 

b i 

1*49 

1 6*77 

6 17 1 

9*66 

Coii«vmii)tlcm of gluooae, mgm. ikt culture 
a ■ .. .. 1 

92 

410 

332 

588 

b 

SW 

415 

347 

588 

Mgm. K fixed per gm. gluoow) corwinned 


1 


i 

a 

15*1 

15-8 

1 !7-7 

10-2 

h 

i 

15*5 

lO'H ; 

t 1 

17-8 

UV4 


25 ml. tiiodlum in 250 c.c. Krlonmeyer fla^kK. Initial N-oontoiit, 0 12 mum. Incubation at 30":i2“ r. 


consist In a simple growth acceleration, in agreement with the findings of Rippel (1936), 
The economy of fixation in the presence of agar is only slightly higher after eight days, 
and after sixteen days the difference has disappeared. It is noteworthy that in another 
case (Table 7) the economy appears even higher, reaching at least 21 mgm. nitrogen 
per gm, sucrose. The growth acceleration is i>robably, as in other species of Azotohacter, 
due to the physical effect of the agar, which supports growth near the surface of the 
medium and thus provides better access of oxygen and nittogen than In the agar-free 
solution, where Ait, indicum grows exclusively as a slimy bottom-deposit. 

Growth with Combined Nitrogen. The growth rates In media wMh free and 
combined nitrogen were compared in order to see if the effect of molyndenum is a 
speciffc catalysis of the process of nitrogen fixation, as in other Azotobactcr species. 

An. indicum was first grown in glucose medium with and without 6 p.p.m. sodium 
molybdate, with free nitrogen as well as Iprlth 400 p.p.rn. nitrogen in the form of 
sodium nitrate and ammonium sulphate, this auantlty corresponding approximately to 
the highest observed yield of fixed nitrogen. Duplicate cultures were grown in 16 ml. 
medium in iOO-c.c. Brlenmeyer fiasks and tested after 5, 10 and 14 days. The growth 
rate Mras estimated by turbidity measurements with a Hllger '*Spekker" electro- 
photometer, apd by determlaatlan of r^idaal glucose. 

results are summarlaed in Text-figure 1. The growth with free nitrogen is 
notably stlipulated^^^^l^^^ as in the preyloue experiments where nitrogen 
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was determined* With nitrate the molybdenum appears to have, it anything, a 
retarding effect, and with ammonium sulphate its effect Is hardly signiflcant; the very 
poor growth in the last aeries was probably due to rapidly increasing acidity of the 
medium: after 10 daya the initial pH of 6‘e-6‘7 had fallen to 3-0’™8‘l, and this did not 
change significantly after 14 days (pH 

Another experiment was performed in medium with combined nitrogen only, but 
with two concentrations of molybdenum: 0-06 and 5*0 p.p,m. Mo. Calcium carbonate 
(0*2%) was sterilized separately and added to the medium with ammonium sulphate 
In order to prevent acidification, and was-dissolved before the turbidity measurements 



, Fig. j,— Influence of molybdenum on growth of Az. iiidioum with free nitrogen, sodium 
nitrate, and ammonium sulphate. Loft: sugar consumption. Bight: turbidity readings. 
Continuous lines: -Mo; broken lines, 2-4 p.p.m. Mo. 
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by addition of a small amount of hydrochloric acid. The inhibitory effect of molybdenum 
on growth with nitrate Is In this case quite unmistakable, as shown in Text-figure 2. 
(It may here he mentioned that the sodium nitrate itself contained less than 0*1 p.p.m. 
Mo,) The growth with ammonium sulphate was extremely weak; the turbidity was 
barely visible, and only some 7 to 10% of the sugar was used up, No explanation for 
this remarkable inhibitory effect of the calcium carbonate can be offered. Another teat 
was made, with nlU^ogen as ammonium lactate, and with 2*4 p.p.m. Mo, 20 ml. medium 
In 250-c.c. ^EJrlenmeyer flasks, glucose and turbidity determinations after seven and 
fourteen days. The result Is included In Text-figure 2, which shows that the moderately 
good growth with ammonium lactate Is also somewhat retarded by nK>ly])denum, 
although the effect on glucose consumption Is not significant. 

The ability of indicum to utilize various forms of combined nitrogen was finally 
tested In molybdenum-free sucrose medium. Sodium nitrite, ammonium lactate, 
hydroxylamlne (as hydrochloride), uvea, glycine, alanine, asparagine, aspartic acid, 
glutamic acid and leucine were used In concentrations corresponding to 400 p.p.m, of 
nitrogen. The solutions of hydroxy lamlne-HCl, aspartic acid and glutamic acid were 
adjusted to original reaction (pH 6*6"-6*7), and the solutions of hydroxylaniine and 
urea were sterilized by Seltz-fiUration Instead of by autoclaving. Cultures with free 
nitrogen, in medium with and without 5 p.p.m. sodium molybdate, were Included for 
comparison. 

Table 11 gives the results, which show that aspartic acid is by far the best source 
of nitrogen, and the only one equal to elementary nitrogen (with molylKlenum). Good 
growth is also produced with glutamic acid, leucine, and ammonium lactate, but 
asparagine is an inferior source of nitrogen, and urea gives little better growth than 
free nitrogen in the absence of molybdenum (cf. Starkey. 1939). The remaining four 
compounds are definitely inhibitory. This is hardly surprising in view of the relatively 
high concentration of reducing compounds like hydroxylamlne and nitrite, but it is 
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more remarkable that glycine and alanine are not merely non<a««lmnabIe, but cause 
actual inhibition; however, a similar action of single amino-acids has been observed 
In other Instances (Anderson, 1946). 

Another experiment, recorded in Table 12, shows that the inhibitory action of 
glycine and alanine is also displayed in the presence of molybdenum; the lower 
concentration of glycine (80 p.p.m. N) also causes a significant partial inhibition. 

Hydrogenate Production. It may finally be mentioned that a hydrogenase was 
found in cell material grown with free nitrogen, hut not in cells grown with ammonium 
lactate or glutamic acid. The hydrogenase formed In sucrose and glycerol media was 
yery active towards methylene blue as a hydrogen acceptor, but not towards nitrate, 
nitrite, or hydroxylamlne. With respect to hydrogenase formation Az. indicum thus 
resembles other species of Azotobactcr (Phelps and Wilson, 1941; Lee and Wilson, 1943). 

Ohter'vations on Calcium Requirement of Clotiridium Butyricum. Attempts w’ere 
made to grow Cl. butyricum in a calcium-free medium In order to ascertain whether 
calcium is essential for nitrogen fixation by this organism. The methods and medium 
were the same as stated In a previous communication (Jensen and Spencer, 1947), 
except that the calcium carbonate was replaced by a buffer mixture of 5-7 gm. Na.jHPO* 
and 0-3 gm. KHjPO* per litre. The results were not altogether conclusive, because 
the medium rapidly became so acid (pH 3*9“4*5) that growth ceased and only 
comparatively small amounts of nitrogen were fixed; higher concentrations of phosphate 
buffer proved inhibitory. Moreover, the potato-extract concentrate contained a certain 
amount of calcium and imparted a Ca content of approximately 0*3 p.p.m. to the 
medium. This content, however, was so low that Az. chroococcumf was capable of 
practically no nitrogen fixation, and addition of calcium chloride or purification of 
the medium with oxalate had no significant influence on the limited amount of nitrogen 
fixed by Cl. butyricum. The results suggest that calcium is not necessary for the 
anaerobic nitrogen-fixing l>acterla, or at least their calcium requirements must be 
much smaller than that of Az, chroococcum. 


Gknkral Conclusions. 

Az. indicum obviously resembles the other species of Azotobaoter in the pronounced 
activation of the nitrogen-fixing mechanism by small concentrations of molybdenum, 
and in the formation of a hydrogenase when nitrogen fixation takes place. Certain 
differences also exist, not only with regard to pH-tolerance, but also In so far as 
Az. indicum is not stimulated by vanadium and Is inhibited by organic nitrogen 
compounds like glycine and alanine. The poor growth with asparagine (in comparison 
with aspartic acid) and with urea and the apparent toxicity of the two amlno-acids 
might suggest that certain amino-compounds are able to block the nitrogen-fixing 
enzyme by virtue of a similarity in chemical structure to some key-compound of the 
fixation process. With regard to the utilization of combined nitrogen, Az. indicum 
resemb lea Az. chroo coccun^nd vinelandii in its behaviour Wwatds aspartic and glutamic 
acid which particularly the latter appears to occupy 
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microorganisma, a fact in agraemaut with the opinion of Burk and Burris (1941) 
that calcium, although essential for Az, chroococcum and vinelandii, is not needed 
apeciflcally for the process of nitrogen fixation by these organisms. 

Summary. 

Azoto^actcr indicum Starkey and De was found to require molybdenum for nitrogen 
fixation. The effect appeared to begin at a molybdenum-concentration of 0-001 to 
0-0001 parts per million, and to reach Its optimum at 0*1 to 1-0 p.p.m. Molybdenum 
could not be replaced by vanadium. 

A favourable effect of calcium on nitrogen fixation could not be detected. If this 
element is necessary at all, quite infinitesimal amounts seem sufficient for maximum 
fixation. 

Addition of 01-0-4% agar to the liquid medium accelerated the nitrogen fixation 
strongly; starch had a similar but smaller effect. From 16 to 18 mgm. nitrogen were 
fixed per gm. glucose consumed, and occasional gains of more than 20 mgm. per gm. 
sucrose were observed. 

Growth with nitrate was retarded by 0*05 to 6-0 p.p.m. molybdenum. Nitrate, 
aspartic acid and glutamic acid appeared to be the best sources of combined nitrogen, 
followed by Meucine, ammonium lactate, asparagine, and urea, in the order mentioned. 
Nitrite, hydroxylamlne, glycine and alanine had inhibitory effects. A hydrogenase was 
formed in nitrogen-free media, but not In media with combined nitrogen. 

Tentative experiments suggested that Clostridium hutyricum does not require 
calcium for nitrogen fixation. 
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EXPLANATION OF PLATE XXUT. 

1, Effect of molybdenum and vanadium on nitrogen fixation by Az. indicum (of. Table l); 
from left; -Mo; 0 001 p.p.rn. Mo: 0»01 p.p.m^^ Mo ; 10 p.p.m. Mo: 0*2 p.p.m. V. i. Growth of 
Az indicupi in oxalnte-purlfied glucose medium (cf. Table 4). I^efl, right> 0*1% CaCU* 

3. KlToct of agar on growth of As, indicum in glucose medium incubated 8 days (cf. Table 10). 
Left. 01% agar; right, - agar. (The culture.s were poured into wide test tubes and photographed 
immediately before analysis.) (S. Woodward Smith photos.) 
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t^TnONOYLVHlS DAVI^iJ, N. SP. (NKMATODA). FROM THE STOMACH OF 
A LIZARD, DIPORIPHORA AVi^THALlf^. 

By pAri, I>. Hah WOOD, 
iVommvnieatef] hy Ur. G. A. M, Hey don.) 

(One Text'flgure.) 

(Rend 2inh October. 1947.J 

Some time ago I received from the School of Public Health and Tropical Medicine 
of the UnlverBlty of Sydney. Australia, a vial containing thirteen specimens of 
fttrofiffyluris (12 males and one female), which apparently represent a new species. 
This material was collected by Mr. Consett Davis, who was later killed in war service 
in New Guinea. Therefore, it is particularly fitting to name (his species in honour 
of the collector. 


STRONOr/.rKIfi OAVISl, n. sp. 

Sipecific Di(/pno.*fi.v. 

i^trongylurin: Body light brown in preserved material; colour in life not rtM’orded. 
Cuticle with numerous flue longitudinal striations. Somatic papillae absent. Mouth 
surrounded by three large eaual lips set off from the body by a marked constriction. 
The inner cutlcular spike, which is prominent on the Hpa of <S'. rw?>ro, could not he 
discovered In the present material. 

.Waler 

Body fusiform, except for the truncated posterior end. Length 11*25 to 14*5 mm.; 
width at level of oesophageal bulb 0*67 to 0*66 mm.; maximum width 0*(il to 0*9 mm.; 
head 90 m wide. Pharynx (including lips) 0*22 to 0*28 mm. long. Distance from 
cephalic end to caudal end of oesophagus 1-95 to 2*35 mm. Oesophageal bulb 0*25 to 
0*37 mm, long by 0*22 to 0*27 mm. wide, Nerve ring 0*5 to 0*6 mm. and excretory pore 
1-4 to 1-C mm. from the cephalic end. Tati spike directed dorsad in available material, 
about 40m long. Caudal alae present, but smaller than in some forms; supported by 
large papillae. This material was not well relaxed at time of preservatitm, consequently 
manipulations of specimens for purposes of studying the caudal papillae were not 
easily carried out. The relative positions of the ten pairs of papillae are shown in 
Figure J, which was made from the one specimen that showed the location of at least 



Figure i,— Tall of male of mronovii^'is dnvittl. lja.terQ-ventral view. Only one member of 
each pair of the adanal papillae could be distinguished. Also only one member of each pair 
ifrpm tho most caudaL group of papillae is shown becAuae tni? others are underneath the luMiy 
of the nematodC/ 
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one member ot each of the ten pairs of genital papillae* There are three preanal pairs 
lying close beside the genital sucker; two lateral, stalked, adaual pairs and two more 
sessile, ventral adanal pairs lying at the level of the cloacal aperture; finally three 
pairs of small papillae lying near the base of the tail spike. The spicules are 0-86 to 
1‘13 mm, long. The ratio of the spicule length to the total length varies from as 
1 is to X 2 to as 1 is to 14. Genital sucker 0 13 to 016 mm. in diameter at the base, 
narrowing to about 0*09 mm. at the aperture. The notch in the caudal rim of the 
sucker could not be found, possibly due to the condition of the material. 

Female : 

Body fusiform, length 15*0 mm.; width at oesophageal bulb 0*54 mm.; ipe.ximum 
width 0*69 mm.; head 90 m wide. Pharynx 0*29 mm. long. Distance from the cephalic 
end to the caudal end of oesophagus 2*25 ram, Ups to excretory pore 0*66 mm. Vulva 
far posterior, 9*75 mm. from the lips. Tail only 76 m long. Eggs unsegmented, 69m to 75m 
long by 45 m wide; egg-shells thick, 

HoKt: Diporiphora australis, 

Hahitat: Stomach. 

Locality: Five Islands, near Wollongong, New South Wales, Australia. 

Bpecimens: TyT)ea and paratypes, No. 1135, in the collection of the School of Public 
Health and Tropical Medicine, Sydney, Australia. Paratypes, No, 45779 in the United 
States National Museum Helminthological Collection. 

Hirongyluris davisi keys out to S. media in the key to the genus given by Harwood 
(1936). It may be separated from S, media by the slightly longer spicules, the longer 
oesophagus, and the less prominent caudal alae, which is the clearest difference. The 
females of 8. davisi possess a shorter tail and the vulva is nearer the posterior end 
than with 8. media. 

Among the more recently described species, several possess somatic papillae which 
clearly distinguish them from 8. davisi. Others, such as 8. ranae, 8. bengalensist and 
8, karawirensis, have much shorter spicules. 8. tridentata is larger, has longer spicules, 
and the most cephalic pair of the caudal papillae are much larger, being at least 
348 m by 276m in 8. tridentata but only 35 m in diameter In 8. davisi. 8. meridionalis is 
distinguished from the present species by the position of the caudal papillae, the 
longer oesophagus, and the longer female tall in the former species, 
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Harwood, P. D., 1935. — Notes on TennesRe© Helminths, II. Two new apeclea of Strongylurls 

(Nematoda) and notes on the genus. Jour. Tennessee Aoad 8oi., 10: 151-138. 



AUSTRALASIAN CERATOPOGONtDAE (DIPTERA, NEMATOCEUA). 


PABT I. BELATIOJ? TO OISKABE, JilOLCMjy, OEJTEatAL CHAHAOTEKB AND GENERIC CLASSIFICATION 
OF THE FAMILY, WITH A NOTE ON THE GENUS CEUATOPOGON, 

By David J. Lee, B.Sc. 

(With 23 Text-figures.) 

(Read 29th October, 1947.] 


Introduction and Relation to Disease 31 S 

Acknowledgments 314 

The Family Cerntopogonldae — 

Family Status 315 

General Characters .. 315 

Habits 31 « 

Detailed Characters of the Family — 

Eggs 31« 

Larvae 316 

Pupae 317 

Adults 317 

General Systematlcs — 

Previtms Australian Literature 321 

Difficulties in Hecognlxing Genera 321 

Divisions of the Family 324 

Key to Genera Known to Occur in the Australasian Region 328 

The Genus Ceratopt>gon 329 

References 330 


The present paper is the first of a series designed to revise and extend our 
knowledge of Australasian Cenitopogonldae. As some sections of this work have been 
complete for some time and others have been delayed by extensive additions to the 
basic material. It has been decided to present the revision in a series of parts, each of 
which is to be as complete as available material and data permit. 

Introduction. 

In common with other blood-sucking insects the Ceratopogonidae have at times 
come under suspicion as vectors of disease. The earliest, such suggestions in Australian 
literature concern worm nodule in cattle, caused by the filarial worm Onchocerca 
gihsoni. Cloland, Dodd and Ferguson (1916) mention Cuticoidea molestus as being 
numerous on Milson Island in the Hawkesbury River (New South Wales), whereon 
they conducted their experiments, and although they record this species as often 
swarming about the ears of cattle, they discount the possSbiUty of its being the vector. 
Similarly Dickinson and Hill (1916) list CuHcoides subnitidm (now Fordpomyia 
subnitida, but this is not likely to have been a correct determination) as one of the 
biting flies taken in the vicinity of their laboratory at Fanny Bay (Northern Territory), 
but again do not attach any significance to this finding. There is now, of course, far 
more reason to suspect a ceratopogonid as the vector of Onchocerca gihaoni, since 
Steward (19S3) has shown Cttlicoide« nubeculosus to be the vector of Onchocerca 
mvicatis of horses in England, and more recently Buckley (1938) has produced 
evidence that certain species of CuUcoidea are the vectors of 0. pi&sont in Malaya. He 
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found natural infections in CuUcoidea spp. and obtained experimental infections In 
these insects with a very low percentage of parasitism but was not able to demonstrate 
actual transmission to cattle. 

Elsewhere VuUcoides austeni and C. grahami are known to transmit the filarial 
parasite AiUinthovheilotieina perfttans* in Africa (Sharp, 1928), and 0. furentt transmits 
Mansofiella ozsardi in South America (Buckley, 1933, 1934). 

Apart from their role as vectors of filar ias, sand fl lest have long been known as 
Irritating and persistent i)e8ts of man 4ind domestic animals wherever they may be 
locally abundant. In Australia this Is particularly true of coastal mangrove areas In 
the vicinity of which the densest sandfly populations are found, but one may he subject 
to their attacks in a much wider variety of situations. The actual bite is not always 
noticed by the victim; indeed only particularly susceptible people seem to be 
immediately aware of the bite, but irritation usually sets in within a few to 24 hours 
after the time of biting. The irritation may last with decreasing potency tor several 
days, but in some individuals a local toxic condition at the site of the bites may 
persist for weeks. 

When, in 1936, the author w'as collaborating in experiments designed to discover 
the vector of ephemeral fever of cattle in Australia, sandflies came under suspicion 4 

Just prior to the outbreak of war in 1939 the first attempts at experimental 
transmission through the agency of sandflies were made by Dr. 1. M. Mackerras at 
Canberra, using sandflies collected by the author from cattle in Central Queensland. 
Unfortunately these had to l>e discontinued even before satisfactory techniques for 
handling these small insects could be devised. 

However, it was soon clear, in these very preliminary studies, that so Ultle was 
known of the Ceratopogonidae in Australia that it was practically Impossible to 
Identify any specimens collected in the field, that not a single life history was known 
and very little was known of the distribution or habits of any Australian species. 
In 1936 some preliminary studies of the taxonomy of this group were carried out, 
together with field observations in the vicinity of Sydney and in Central Queensland. 
It was soon clear that this particular family of flies was far more common than was 
previously suspected, and that even in areas where they wei’O not known to occur, 
cveh* by the local inhabitants, they might still be found In large numbers feeding on 
cattle. These prellminai’y studies had then to be broken off and it was not until 3 946 
that the author was able to give some further attention to this group, the results of 
which are presented below. 
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* Kt^cynt toxtH on Tropical DiHeases mention A. perntans at« occurring, or possibly occurring, 
In New fnjinea. The only evidonoe for such a statement appears to be a record published by 
Manson in JKif2 which has not been verified or corroborated by later observations. Whether or 
not the record is true must remain in doubt at present, but the evidence is obviously very slender. 
Actually, Manson in 1900 (Tropical Diseases, first edition), stated that he had never found 
h\ perittans outglde of Tropical West Africa and in aborigines of Demarara, but that ho had 
found a m!cn»fllaria closely rosemliHng demarquaU In the blood of natives of New Guinea. 
Now of (‘ourae F. demarquaii Is regarded as a synonym of M. ozzardi. All that can now he said 
is that an unsheathed mlcrofllariu ha» been found in natives of New Guinea which has not yet 
been adequately Identified. 

t The term sandfly is used in Australia for. both Ceratopogonidae and SimuliJdae, Here, 
of course, only tlie former are referred to by this term. Further confusion Is likely to arliie 
with the sandflies of the Middle East, which are Psychodidae of the genus Flebotomws. 

t The evidence which may be offered implicating Ceratopogonidae in the transmission of 
ephemeral fever has been reviewed by Mtxckorras and Mackerras (1940. p. 108) and Seddpn 
(1938). 

i Most of the material examined, including type series, has been lodged in the Museum of 
this Institution, which is referred to as the C.SA.R. Museum in later pans of this series. 
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TaBumnia and the Australian Capital Territory, it would not have been feasible to 
initiate this present revision. 

Other material has been supplied hy the School of Public Health and Tropical 
Medicine, University of Sydney, and I w'ould also like to express my xmrticular gratitude 
to Messrs. R. H. Wharton, who has assisted me in collecting a large amount of material, 
J. Henry, who has collected a valuable series of specimens in the vicinity of Sydney, 
and M. M. H. Wallace, who has provided useful material from both New Guinea and 
Western Australia. Throughout the scries will appear numerous photographs of wings, 
the excellence of which is due entirely to the skill of Mr. K. Parrish, of the C.S.I.R. 
McMaster Laboratory, University of Sydney. The co-opcration of Mr. Parrish was made 
possible through the kind othces of Mr. D. A. Gill. Othcer-lU'Charge, McMaster 
Laboratory, and Dr. A. J. Nicholson, Chief, Division of Economic Entomology, C.S.l.R., 
Canberra. 


TUK FAMII.Y CKHAT0P0<}0NT1)AK, 

Family Status. 

Most authorities have regarded the Ceratopogonldae as merely a subfamily of the 
Chironomidae. but following Malloch (1917) and Edwards (1926) it is considered that 
full family status should he accorded to the group. A tabulaiiou of diffcM-ential characters 
between the Chironomidae and tlie Ceratopogonidae is to be found in Edwards (1926), 

Genera/ Charar.ierft of the Varatopogonidae. 

Members of the family Ceratopogonidae are differentiated from those of other 
families of nematocercnis diptera by their small to minute size and compact body with 
relatively short, strong legs, wings of the same length as the abdomen, prominent 
chitlnizod mouthparts extending as a piercing organ ventrally from the head and 
approximately ecpial to tlie height of the head in length and antennae usually as long 
as or longer than the thorax. The resting attitude is such that the long axis of the 
head (continuing the line of the mouthparts) is almost at right angles to the long 
axis of the body and the wings are folded flat over the body, the one lying on top of 
the other. 

Recognition in the field depends to some extent on an appreciation of the characters 
mentioned above but is, of course, considerably simplified when most of the other groups 
of small nematocerous flies can be eliminated by Immediate recognition. With some 
practice the general appearance of sandflies may be appreciated to the extent that 
very little confusion occurs in their field collection, a few Mycotophllidae, small species 
of Chironomidae and occasional small Phoridae being all that may be mistakenly 
collected. 

Identification under the microscope is relatively simple with Australasian species, 
since they are the only flies in which ail branches of the reduced radius meet the 
costa before the apex of the wing and usually about the centre of the anterior margin, 
enclosing one or two radial cells, with both Mi and M^, present and the - Cu, fork 
near the middle of the wing. These wing characters, in conjunction with the shape of 
the antennae, which are moderately long with from the last one to the last six 
obviously longer than the basal flagellar segments and the chiiinized piercing 
mouthparts, serve to distinguish the group. 

It is at present rather more difficult to characterize the larvae of the Cerato- 
pogonidae, since there are a number of distinct types. However, in all except the 
ijepiooonops group there is a distinct chitinized head capsule and the thorax is 
differentiated into three segments. In most the body tapers distinctly to both ends and 
some are apparently smooth without any obvious external structures and others have 
lateral and/or dorsal chitinous prolongations or setae. Some have a pair of prothoraclc 
prolegB and a pair of posterior prolegs (on anal segment), others only a posterior 
pseudopodium. The majority of larval forms fall within these types which will be 
found defined in more detail below. 
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Less difficulty should be occasioned in the recognition ot the pupae. These are 
obviously divided into a cephalothoracic region and a segmented abdomen, both regions 
being strongly chitinlzed. The paired breathing horns arise laterally at or near the 
anterior end, and on the abdominal segments there are strongly chitlnized angles or 
prolongations laterally, and the terminal segment has a pointed prolongation on each 
poBtero-lateral angle. The pupae are capable of restricted movement only and may be 
free from the larval exuvium or with the latter surrounding the distal portion of the 
body. 

Hahits. 

Although the most commonly known species are those whose adult females suck 
the blood of man, others attack other vertebrates. CuUcoides and Leptoconops and 
related genera are particularly well known for their anthropophllic species. Other 
groups are ri^corded as sucking a wide variety of insects such as Cbironomidae, 
Culicldae, L»epidoptera and Coleoptera and even other Ceratopogonidae. One genus, 
PterohoHca, has only been taken from the wings of Odonata. Kieffer (1925) also 
mentions that large numbers of adults, almost invariably females, may at times be 
taken from the flowers of various Urn belli ferae. 

Blood-sucking adults may be collected by exposing oneself to attack under suitable 
conditions. Sandflies are known to bite at almost any time of the day (some are 
recorded as nocturnal), particularly when there Is a very dense population of these 
insects. Where they are not present in large numbers a combination of warm moist 
conditions without wind will often disclose them biting In the very early morning or late 
afternoon. Animals such as cattle, horses or dogs may often attract species which pay 
little attention to humans. Predatory species may be collected by sweeping vegetation 
with a fine net in areas adjacent to probable breeding sites (pools, streams and so on) 
or by picking fhem from the vegetation individually once one has learnt to distinguish 
their general shape from other types of small Diptera. Large numbers of sandflies are 
at times attracted to lights in bush areas and this has proved a useful method for 
collecting species of Forcipoynyia. 

Nothing has yet been published ooneernlng the larvae of Australiau species. 
Searches by the author in mangrove areas have as yet failed to yield any Ceratopogonid 
larvae or pupae but both stages of several species (of Vnlicoides and Daayhtlm) have 
commonly been found in small rock pools in both coastal and mountain streams in 
the Sydney district and in rather similar situations in Central Queensland. 

Elsewhere in the world the recorded larval habitats are very various, ranging 
from wet sand Ijetween tide levels through wet, muddy areas to’ pools in streams, the 
margins of small lakes, dams and so on, often in blanket or fllamentous algae; in tree 
holes; and also in moist decaying vegetation; under the bark of trees and even in the 
exudate from wounds in the holes of trees such as maple and elm. A few species have 
also been recorded in the nests of ants. Obviously, then, much has still to be discovered 
concerning the life histories of Australian species. 

DirrAILKI) CllARACTEHS OF THE FAMILY. 

Although the present series is to be largely devoted to the systematica of the 
Ceratopogonidae, with particular reference to adults, brief characterization of eggs, 
larvae, and pupae have been Included to assist any new student of the group in 
recognizing these stages. 

Eggs. 

These have not been seen by the author, but they may resemble those of the 
Cbironomidae in being laid in masses, some in long ribbons, others in compact groups. 
Other species are recorded as ovipositing singly. The individual eggs are elongate 
and cylindrical, usually straight, but those of DdnyheXea are horseshoe-shaped. 

Larvm. 

The following information Is a condensation of that contained in t^etghebuer 
(1920), Kielfer (1926) and Thomsen <1937). There Is ^neral agreement that there 
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are three rec6gnizftble forms assumed by the larvae which correspond to three 
correspond iug pupal forms and to a lesser extent to adult groupings. 

The first grouping is that in which the larvae possess a pair of anterior prolegs 
ventrally on the prothorax and another pair of posterior prolegs on the anal segment. 
The body is not vermiform but has the dorsal surface covered with at least short setae 
which may he modifted into variously formed appendages. The mandibles are directed 
ventrally. This group comprises the larvae of Forcipomyia, Atriehopogon and closely 
related genera. 

In the second group no anterior prolegs are present but there Is, however, a 
retractile anal pseudopodlnm. The body is vermiform and lacks any distinct setae or 
modified structures. The mandibles are also directed ventrally. To this group belong 
the larvae of Dmyhelea. 

The third group lacks all prolegs or pseudopodia, the body is also vermiform, 
without appendages, and the mandibles in this case are forwardly directed. Members 
of this group comprise Culleoides and the Palpompia, Sltilohezi^ia and Bezzia groups of 
genera. 

In addition, however, a fourth grouping must be contemplated to Include the larvae 
of Leptoconops and Its allies, about which very little is yet known. Thomsen (1937) 
Indicates that proth oracle prolegs are lacking and that “the head Is not sclerotized, 
but provided with a system of heavily sclerotized rods and levers’*, this Information 
coming from Painter (1926). 


Pupae, 

Tiie general appearance of the pupae has been detailed above. Three groups of 
pupal forms are to be correlated with the first three larval groups mentioned above. 

Those of the first larval group {Forcipomyia, Atriclwpogon and related genera) 
have the thoracic trumpets usually arising from a stalk and swollen distally with a 
sinuous distal margin bearing the spiracular openings or else the trumpet rather 
strongly resembles an ear. The posterior portion of the abdomen is held within the 
cast larval skin. 

Species of the second group {Basyhclea) and also the third have the pupae free 
of the larval exuvlum but may differentiated by the form of the posterior border of 
the apical segment (between the spines). In the second group a pair of small tubercles 
from which a minute hair arises is found on this margin, whereas species of the 
Palpomyia, Culicoidm, Bezzia and ^tilohezzia groups lack these structures. 


Adults. 

A number of papers on the Ceratopogonidae [viz.. Carter, Ingram and Macfle (1920), 
Goetghebuer (1920), and Kieffer (1926)1 include fairly detailed accounts of the anatomy 
of these files and also include many useful explanatory figures. The following account 
emphasizes the characters found most useful in a study of Australasian species, but 
an attempt has also been made to Indicate the differential characters of other groups 
not as yet found in the Australasian region. 

Bize: The variation In size Is rather wider than one only accustomed to the small 
anthropophllic species would imagine, and in known Australian species there is a 
range of body length (head to tip of abdomen) of from about 1*0 mm. to S-fi mm. and 
in wing length from 0*8 mm. to almost 4-5 mm. 

Head: The head is subglobular, the anterior face being rather characteristically 
flattened, and this appearance is emphasized by the anterior surface being in line 
with the dorsal surface of the elongated mouthparts, the length of which is roughly 
equivalent to the height of the head and rarely only about one-fourth the height of 
the head. The dorsal surface of the head, comprising the posterior occiput and 
undifferentiated anterior vertex, is invested with scattered setae and a row of orbital 
bristles overhang the eyes. The eyes may be joined or separated by an intor-orbltal 
space and, if separate, they are usually more widely spaced in the male than in the 
female. Some genera, e.g., Atrichopogon and BHlobezzia, appear to be characteristically 
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holoptlc, and others, e.g., VuHcoidea and Palpomyia, usually have the eyes separated. 
In Oulicoidt^s the narrow inter-orbital area in the female bears a single strong seta 
just below the vertex (Text-ligure 12), and this character may be useful in placing 
species whose generic position may be difficult to establish otherwise. In Leptoconops 
(sens, lat.) the eyes are far more widely separated than In any other group. The 
eyes themselves are usually bare but may be finely pubescent between the facets (as 
In Dasyhelea). 

The antennae (Text-figure 12) comprise fifteen segments In most genera (a 
reduction to from twelve to fourteen segments occurs in Leptoconops and related 
genera), the first being usually reduced to a ring-like segment around the base of the 
enlarged second segment or pedicel, but In females of Vullcoides the first segment may 
be almost as large as the second. The pedicels of the female are separated but in the 
male they are further enlarged and often touching. The flagellum then comprises 
thirteen segments, but the shape of the individual segments varies in different genera 
and furnishes useful diagnostic characters. The first eight flagellar segments of the 
female vary from transverse to cylindrical but are nearly always markedly shorter than 
the last live (or six in Pterobosca) , In males usually the last four flagellar segments 
are elongated. (In the Leptoconops group of genera the antennae are somewhat similar 
to those of the Simuliidae, with very short flagellar segments, and in this group only 
the apical segment is elongated. Sec Text-figure 14.) There are sparse verticels on 
the flagellar segments of the female (usually reduced on the distal, differentiated 
segments) and the male has dense, applied verticels of very long hairs on the second 
to tenth flagellar segments. Occasionally, as in Atrichopogon the terminal antennal 
segment ends In a small stylet and in most species of Dasyhelea the integument of the 
antennal segments is sculptured (see Text-figure 17). 

The mouthparts of the female are composed of seven distinct parts, the strong, 
apically toothed labrum, the paired maxillae and mandibles, both slender structures 
with distal serrations, those of the maxillae being by far the most obvious; the 
tubular hypopharynx and the enclosing sheath or labium, which is hairy externally. 
In the male the mouthparts are somewhat shorter, the labium similar but narrower, and 
the other parts neither as strong nor as powerfully armed. The palpi are normally of 
five segments (reduced to four in Leptoconops) and of these the second and third are 
longer than tbe rest, and the third is often expanded dletally around a sensory area. 

Thorax: The thorax is rather squat, scarcely longer than broad, broadest anteriorly 
but not narrowing greatly until just before the scutellum. The anterior end is strongly 
arched but does not project over the head, and the prescutellar area is well marked 
as a flattened or lightly depressed, anteriorly rounded, laterally and posteriorly straight 
area. There may also be a pair of humeral pits (Text-figure 23) laterally near the 
anterior margin ( C/wZlcoidcs, Stilohezzia) or at the middle of the anterior margin a 
small spine may arise (Palponiyui)^ The surface of the scutum is variously adorned 
in different genera, sometimes it is glabrous, in others there is a distinct pattern 
resulting from the surface bloom (prulnescencc). There may be a uniform covering 
of minute, pubescent hairs or there may be longitudinal rows of short setae. The pleura 
vary in the shape of the pleu rites, the extent of chltinizatlou of the aneplsternum 
and the development of the meron, the variations being correlated with major divisions 
of the family (see below, page 324). Text-figures 1 and 2 illustrate the form of the 
thorax, in lateral view, as found In Atrichopogon and Xcnohelea, 

Legs: The legs are shorter and more thickset than In the Chlronomldae. Many 
features of diagnostic Importance are to be found in the legs, Including the size of the 
femora (they may be considerably swollen in some species) and the presence or absence 
of spines on them, the ratios of the length of various segments, particularly those of 
the tarsi, the presence or absence of spines on the tarsal segments, the shape of the 
tarsal segments, particularly the fourth and fifth, the size and shape of the claws and 
the presence or absence of an empodium. It is sometimes Important to differentiate 
between what are usually called splnules, that, is rather thick black, but tapertng 
spines, and the stouter, blunt, non-tapering ”batonnets”. 
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(Scutum 

Anterior spirdcle, 

Fbstenoi- pronotum '' 
Pronotal lobe. 
Mernbr<3nou5 

anepisternum. 

Propleuron,- ' 

Coxa [ 
5ternopleuron '' 

Coxa [| 



Wing base 
jScutellum 

• Haltere 

. ,Postnotum 


'.Posterior spiracle 
'''.Mesepimeron 
- -.Melon 
' -.Coxa HI 



1-8. — ^Tcxt^flgure l, Xiatoral view of thorax of Atriohopoffon ap. Text-figure 3. 
X>ateral view of thorax of JCenofteleo «p.» with parte ahowing striking differences from 
Atriehopofftm labelled. In both text -figures 1 and 2 membranous areas of the pleura are 
stippled. Text-figure 3. Wing of jEltilobessia sp. showing terminology of venation. Various 
mapnlflcathms. 
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Wings: Althougli the wingfr are particularly important In generic eegregatlonff, 
much confusion is caused by the various nomenclatures adopted for the venation. Text- 
figure 3 reveals the terminology used in this series following the Comstock-Needham 
system as interpreted for Nematocera by Tillyard, and Table 1 gives the corresponding 


T.im.H 1. 
Wifitf Vemitixm. 


Symbol nnrl Name Used ' 
la thin ScHrrt. 

j 

1 

Name T’Ised by j 

KJeffei. j 

Name \!hed by 

Skiine, 

C. CoMta, 

Coatal vein. 

Cewtu. 


SulM'OHtal vein, I 

Auxilitiry. 

Hi Rmliim 1. 

Hadinl vein. 

Klrftt longituiiiual. 

H#+a. KttdiiiH 2 «mi 3. 


Mari^lual rroh»-vein. 

ItAdItiM 4 uiid t}. 

CnhitaJ vein. 

Second lonffitmllna). 

r-m. Httilio-mctliaii ci-ohh- 
Vijin. 

Tian8ver»al, 

Middle eitwH-veiii. 

|«b*rcHlar>' fork. 

Jtiteroalnry fork. 

Third longitudinal. 

M,. Media 1. ; 

Aut4‘iior braneh of dlHOoidal 
vein. 1 

Anterior brunch of i'ourth lonRl- 
tndlual. 

M«. Media 2. 

Vo^terior braneh of diHcoidal 
vein. 

PosbiHor branch of fourth longi- 
tudinal. 

Media 3 and 4. 

Anterior brunch of poutlcal 
vein. 

Anterior hraiich of fifth longi- 
tudinal. 

CUj. Ciibitua 1. 

!*cwte!j1or brunch of ihihUcu] 
vein. 

PoHterior branch of fifth longi- 
tudinal. 

Ouj. Cubltu« 2. 



— 

An. Atml. 

Aiml. 



terminologies used by Skuse and Kieffer, the two major authors on Australian 
Ceratopogonidae. The outstanding features of the venation are the reduction of the 
radius and the termination of all its extant branches in the costa and the union of the 
radius to the media by a cross vein (except in Leptoconops and its ailies). Points 
of particular importance concerning the venation are the length of the costa, the 
number of cells formed by the branches of the radius and the costa (one or two), the 
relative size of these radial cells, and the position of the base of M# in relation to the 
r-m cross vein. Sometimes a fork, the intercalary fork, is seen in the antero-distal 
section of the wing. Both microtrichla and macrotrichla may or may not be present 
on the wing membrane, and in some species the wings are densely clothed with 
recumbent, almost ecale-llke long hairs. In some species (particularly of CuHooides) 
the wings are spotted, this appearance being most marked when the wings are viewed 
by oblique lighting. 

Abdomen: The abdomen Is usually short and broad and blunt, but even If somewhat 
elongate, does not obviously exceed the length of the wings. The female abdomen 
terminates in a pair of short, rounded or pointed lamellae In most genera (they are 
excessively long in Leptoconops). The number and shape of the spermathecae are at 
times useful In classification. 

Male Genitalia: These are simple, with, usually, the ninth terglte a large plate 
superimposed over the majority of the rest of the structures, and Its internal and 
apical surfaces may be considerably modified. The coxites are simple, without 
accessory structures, except the terminal style, which Is also usually simple. The 
harpes are paired sub-median structures (sometimes fused), which may be useful In 
specific diagnosis, and there Is a median phallosome shaped like an Inverted V and 
there may be modifications at its distal extremity (the base of the T). Rotation of 
the terminalia may be complete or Incomplete* 
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Gknkral System AT1C8. 

Previom Australian Literature, 

Although over eighty species of Ceratopogonldae have been described or recorded 
from the Australasian Region (Australia, New Guinea and the Bismarck Archipelago, 
and New Zealand, other Pacific islands being excluded from the total) the problems 
of identification have remained extremely difficult. Many of these species were not 
described in the genera to which they would now be assigned. Many new genera have 
been defined since 1889, when Skuse described some seventeen species, all of which, 
with the exception of one, he placed in the genus Ceratopoffon. Furthermore, Skuse 
Ignored a number of generic names which were available at that time. Changes In 
generic concepts have also taken place even since Ki offer's description of a further 
twenty-five species In 1917. Since the latter date no one has paid any particular 
attention to this family in Australia except Carter (1921), who revised the genus 
Leptoeonops, and Macfie (19,19?)), who revised the status of six species. Descriptions 
of Individual species have been published from time to time by various authors, 
namely, Schiner (1868), Taylor (1911, 1918), de Meljere (1916, 1917) and Macfie 
(1939«). In recent years attention has been paid to New Zealand species by Ingram 
and Macfie (1931a) and Macfie (1932). Apart from Leptoeonops nothing approaching 
a revision of even a single genus has previously been attempted. 

DifficultieH in Reroffnizing Genera. 

The difficulties in working with this group are Initially at the generic level. 
Kleffer's “Key for the Determination of Genera” (1926) separates some 69 genera and 
Macfle's “Key to Genera” (1940) separates 63 genera. However, 21 of the genera 
mentioned by Kieffer apparently fall into synonymy when revised by Macfie, and 24 
of the genera listed by Macfie are not mentioned in Kleffer’s key. This is clearly 
indicative of the state of flux of generic conceptions. A further difficulty arises in 
that many genera have not been adequately defined, although Edwards' (1926) revision 
of British species contains reasonably full generic diagnoses of the genera occurring 
in Great Britain. The absence of full generic definitions in Macfle's (1940) key to 
genera detracts from the usefulness of this work, although it is of value as a concise 
statement of his findings after many years of work with this group. 

Naturally, when one tries to identify an Australian specimen generically, according 
to Kieffer's 1926 key, or Edwards’ generic definitions of 1920, or yet again Macfle's 
1940 key, the results from each attempt are not always in agreement. This is partly 
due to the fact that present generic distinctions are often artificial and based on 
trivial rather than fundamental characters. It does seem agreed that a comprehensive 
study of male genitalia characters would lead to a more natural and workable grouping 
of species, but this is a project for which much special collecting would be necessary 
in all zoogeographlcal regions. It does appear to the author, and there is some 
evidence that in the opinion of Edwards also, that the number of genera might he 
reduced considerably if they are to delimit reasonably natural groups. The adoption of 
some of the present genera as subgenera would certainly lend clarity to the sy sterna tics 
of the group, but any generic revision is undoubtedly the province of a worker with 
access to far more material than the present author. 

In the following review, apart from the description of newly discovered species 
an attempt Is made to identify generically all described species from Australia, New 
Zealand and New Guinea as well as to disclose the characters by which Individual 
species may be recognised. When doubt arises as to what genus a particular species 
belongs an attempt is made to place it with the species to which it appears most closely 
related and about whose generic status there appears less doubt. A perusal of the 
literature reveals that more than one author has In the past been forced to place 
apedles In genera Into Uie circumscription of which they do not really fit, but to which 
they ajppear to belong because of their apparently obvious relation to other species 
legitimately placed in such genera. Even Ingram and Macfie (1931b, p. 215) have had 
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TADiR 2. 

lUfferentintim of ihtt CeratopoQonid'm into tfroups on Charatiertf found in iM X*arvae, Fupue and- Male OenUalia. 


<lronp 

Culicoities, 

'' “i 

(iroiip 

Ct’ratopoffon. 

(innip 

StMttfn>zzi-n. 

(Jroup 

Mfuropexa. 

Group 

Palpotnpui. 

Gnniit 

Jkzzio, 

Present, 

Not known to be 
present. 

Present. 

Not known to 
be present, 

Present. 

i 

Ihrcscut. 

CiUicokiee. 

' 

Stilotwzzia, Acaidho- 
Mtmoheiea, 



Pa/pornyuty ClinoheUay 
Tftderomym, Xeno- 
Jolianmon- 
tmiyin^ Diorohelm. 

liezzia, Xilobezzia^ 

Head rapfiulc prc- 
went ; wklt\ oval ; 
inouthpartfi re- 
duced ; anterior 

and posterior pro- 
le(W aiw'Ut ; last 
segment witli 
bristles ; body 
slender, rtnmd In 
(sfosB - Hoctinii ; 
phuryrigt'al skeleton 
with about four 
combs, angulus of 
distinctly separaK^ 
IMUtS. 

N ot adequately 
known, lu genus 
AUuaudomi/ia head 
capsule present ; 
anterior and pos- 
ter i o r p r o 1 a g M 
absent ; last seg- 
ment with long 
setae; b o <i y 

slendtu', round In 
cross - section ; 
dorsal surface 
mottled wltb red 
pigment. 

Head capsule pn?- 
sent, broad ; 

inouthpartji re- 

tiueed ; anterit)r 

and posterior pro- 
legs absent ; last 
segment with 
bristles; beniy 
curved, round In 
cross - section ; 
pharyngeal skeleb.)n 
with Hiwernl combs, 
julnclpal conil> of 
angultts undlvldi^d. 

Not adequately 
known. 

Hcotl capHule pr<'- 
.sent ; narrow ; 
moutliparts re- 

<lnccd ; anterior 

and posterior pro- 
legs absent ; last 
segment with 

b r i « 1 1 e ,s; body 
round in cruss- 
Hcctlon ; pharyngeal 
skeleton, with 
thr^jo combs, 
principal comb of 
angulus divided. 

Ah for Palpimyia, 

Free from larval 
exuviae ; respir- 

atory trumpet 
elongate, tubular 
with a cuustrletion 
at base Kcgments 
51-7 similarly 
i>rUUed ; anal seg- 
nient without a 
bristle-tubercle. 

Not adequately 
known. In Allu- 
mtdmnuia fret> from 
larval exuviae ; 

respiratory trumjsd 
funnel - slmiKKl, 
c<»ven*d with scales. 

: As in Vuli^coiiUe. 

N»>t adequately 
known. 

Free from larval 
exuviae ; resplr- 

atory trumpet 
clavatc, with 
numennm spiracles ; 
segments !b-7 
siruliarly bristled ; 
anal sogtnent with 
a bristle-tubercle ; 
operculum with one 
pair of setae. 

As for Palptmyia 
t)Ut in known 
pupae more than 
one pair of setae 
on oiterculum. 

Haniea slender ami 
tapering with vari- 
ously sViaped ox- 
trcndties ; ninth 
Rtcndb' eiMurgtnat/-; 
ninth t e r g i t w 
URunlly with a 
sharply pointed pro- 
cess At each pofttero- 
latcral angle ; anal 
Hcgmont mem- 
branous with a pair 
of liairy tuWcles 
wtdeh may project 
beyond the margin 
of the ninth t-ergite ; 
phallo&ome V- or 

y-«lmpod. 

Harpes paired, 
robust, either 
tupcrhig or ending 
bluntly. 

I Harpes paired, 
robust, blunt or 
iMdnted at ex- 
tremity but not 
attenuated, tamd 
on mid line in 
some Speck'S of 
MoHohelea. 

Not adequately 
known. 

Isitylo Hlmple ; liari>es 
fuscKl Into a single 
structure or less 
commonly dis- 
tinctly separated, 
althougti tltey may 
be connected at 
ba«e. 

As for PtUpomyia^ 
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TABliK 2. 

Diff 0 r$tUiaii<>fi of tha Vi^ratopftgmidae iMo (Jroup» ow Vhara*!ierB ffmnd in tite Larpae, J*vptn‘ mui Male Genitalia. 



Oroup 

Leptoconopf. 

Group 

Atrichopt}fffm. 

Group 

Grouj) 

Gattylielea. 

Occum^iic^’ ill Atm- 
tralKiilan 

Vremint. 

Present. 

Prf-sent. 

rres<>«t. 

Qetiorn known to 
(xM!Ur in Austnil* 
OHlflu Hnfifloii. 

Ijeptoeonn])8, Htyloeonopg, 

AtHehapogon. 

Forcipomgut, hattinlielea, 
PUrtiltoBm , A pelma , 

f ThyrUhmpia. 

VasyheUa. 


Wead capsule not ohi- 
tini/iMl ; mouth parts 
reduced ; witiiout pro^ 
leifH f>r aiml hrintlert ; 
pliaryngeal nkoleton 

witii HpiMirentiy only 
one comb. 

Head capsule present ; 
mmith well de- 

veloped ; with anterhu* 
an<l poHfc<>flt>r prfdenfw ; 
all body seKiuents with 
short spines ; anal 
Kotfiuent with double 
row of hooks ; twdy 
fiatU'ued, transversely 
oval In cross-secthni ; 
laUsral prcweases at 
least as loiijr as settmont; 
pharyngeal skeleton 

with about six combs, 
aiiguius with bristles. 

Heatl capsule present ; 
month parts W'cll lie- 
vidopod ; with anterior 
and jiosterlor prolegs ; 
lK)dy Ncgnients with 
short spines ; botiy 
segnuMits circular in 
Cfosft-section ; pharyn- 
geal skoleton with 
about six cotubs, 

angulus with bristles. 

Head tjapsule pr(>sent, 
short and t)}ink ; moiitii 
parts well develoia*d ; 
rtubjrior j)rol<?gs aiwnt, 
last segment with 
rtrtractlJe podeg with 
10-12 hooks : body 
(uirvcd ; piuiryngeal 

skeleton with about 
six combs, angulus witli 
well developed tiH'th. 

PupUfi, 1 

! 

Segmcnttf J<-7 slmljar : , 
aiml ftegment with 
twliercies, t{iniiJnal pro- i 
ccNSOH filinpte ; respir- 
atory trmnp(«tM elonRute, 
cndlnff In a short ovaU? 
or ijartvl - shniwd 

structure with aiH)Ut 10 
spiraclua. 

With larval ejruvlae 
attw'hed b) last thre<^ 
segments ; respiratory 
trumpets slmrt, knob- 
like ; abdominal seg- 
ments with branched <ir 
setaceous projections on 
first five. 

tiUiiillar to Afru'hopoffon 
but with spines or 
stufiip-like pwfjectifuis 
on all but last Bcgmcnt. 

1 1 

1 

Free from larval exuviae; 
respiratory tni mpets 

chuigafced ; abdominal 
segments 2 -7 similarly 
bristled ; anal segment 
in addition to the two 
apical pn)ce8so.s with 
nt least one pair of 
protuheranees. 

Male genitiilla. 

Styles apical ly bifid or 
trifld. (Imperfectly 

known.) 

1 

...' , 1 

Harpes lacking, or per- 
haps membranoua ; 

ninth sterntti* narrow, 
pciHterlor niAigln 
omarginate ; ninth 

tfirglte long, posterior 
margin rounded, 
usually without notch ; 
phallneoine umially 

about «« broad as long, 
more or loss sldeld- 
shaped, 
i 

1 

. . 1 

Harpes slender, tapering, 
often attfuiuatoil diw- 
tally, these may be 
connecUul anteriorly at 
the base by a trans- 
verse nal or plate. In 
Ap«lma the structure Is 
more cmnpact, the 
distally projecting pro- 
cesses very short. In r 
few species these pro- 
cesses appear to be 
lacking, only tlu^ 
transverso bar remain- 
ing visible as in some 
species of tasioheka. 

Harpes In most cases 
asym metrical, ninth 

stemlU* in somt? cases 
nnmrginab), more often 
Wltli a central Jjosterior 
extension ; ninth ttirglte 
rather long, taiierlttg, 
with a flnger-llkc pro- 
wsH on each latero- 
jKisterlor augl<^ ; phal- 
losome broad ; styles 
either simple or with a 
littsat braiudn 
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to do this with Patagonian species of Palpomyia, and a similar di£9cuUy faced de Melllon 
(1936, p, 187) also with a species from South Africa placed by him In Palpomyia. 
No excuse seems necessary, then, if a similar procedure Is occasionally adopted In 
this revision. 


Divisions of the Family, 

Fortunately certain groups of genera are sufflclently discrete to be recognizable 
with some ease. These groupings were even accorded subfamily rank by Enderleln 
(1936), who recognized the following subfamilies; Leptoconoplnae, Forclpomyinae, 
Ceratopogoninae, Palpomyiinae and Bezzilnae. Macfie (1940) considered that apart from 
the Leptoconoplnae all the other subfamilies are untenable because of the common 
occurrence ol annectant forms between them. Nevertheless some form of grouping is 
necessary, and whether Enderlein's five subfamilies or the nine groups proposed by 
Maclie are adopted depends largely on their practicability. 

Johannsen (1943) has also subdivided the family in a very similar way to Macfie, 
but divides one of Macfie's groups into two (Forcipomyia into Atriahopogon and 
Forcipomyia groups) and combines two of Macfie’s groups in one {Palpomyia and 
liezzia groups). For our purposes it seems most suitable to accept the first of these 
differences from Macfie's division, but to disregard the latter. In this way we have 
the family divided Into ten distinct groups, eight of which are known to occur in 
the Australasian region. Reference to Table 2 will indicate the genera so far 
recognized from our region and the groups to which they belong as well as the 
differential characters of each group as found in the larval and pupal forms, and also 
in the male genitalia. The more obvious characters of the adults are discussed in 
the text below. 

The groups (named after the principal genus) are as follows: (1) heptoconops 
group, (2) Forcipomyia group, (3) Atrichopogon group, (4) Dasyhelea group, (6) 
Cnlicoides group, (6) Ceratopogon group, (7) Rtilohezzla group, (8) Afacropc^fa group, 
(9) Palpomyia group, and (10) the liezzia group. The first of these, the Leptoconops 
group, is. quite discontinuous from the rest of the family and is obviously deserving 
of subfamily status, although it is not at present feasible to adopt this status when 
the splitting of the remainder of the family into groupings of similar status cannot 
yet be accomplished satisfactorily. 


Tablk 3. 

Major IHirittiong of the Ceratojf^jgotwlae. 


1 

Flrnt DlviMlnji. 
(Lepfrtronops (Jrotip.) 

S<^;oiid Division. 

( Forcipampia, A trichopoffon, 
JOa$yh€lea., Vulicoidet and 
Oeratopogm Groups.) 

Third Division. 

(Stilolmzziat Manropeza, Palpimyia 
and Bezzia Groups.) 

Body (diort., not Imlry. 

Arit^TinHt' vltit 12 14 «(*|^rnontH. 

Broad, Imrn wIukh. 

Costa short, radial oells oot dls* 
tln«uislmble, r-rn ahsont, aiiul voln 
straight, anal aroa largt*. 

Lateral pitw (tf soiituin (paratt^giUd 
jHicnw. i 

TJactdtirdsBMl i>ortion of aneplsti^rnum 
narrow and ohUquo. 

Femora and claws mimodifled. 

Sptfoioa attacking man. 

Body comparatively short and hairy. 

Antennae with 15 segmeiits. 

Broad an<l nauatly hairy wings. 

Costa short, second radial cell 

often reduced In length, r-iii 
present, anal vein st.ralght, anal 
area large. 

Lateral piece of scutum (para* 
tergite) narrow, 

Dnchltinlaiid portion of aucpl* 
sternum large and vertioal, 

FcTiiora and claws unmodified. 

Many si>eoies attacking man and 
other vertebrates Imt some species 
attack other insects. 

B<Hly mor(’ slender and much less 
hairy. 

Antennae with 15 segtnenta. 

Narrow, t^are wings. 

Costa reaching well 1:>eyond middle of 
wing, miC(;)Ud radial cell long, r*m 
present, anal vein bent at the 
middle, anal &rm often reduced. 

Lateral piece of scutum (paraterglte) 
relatively broad. 

lTiichlnitl*e<l itortlon of anepletemum 
narrow and oblique. 

Femora, or claws, or both vortovudy 
modified. 

All species apparently predntotry on 
other Insects. Ko blood*au«khig 
spedes. 
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Edwards (1926) divided the Oeratopogonidae, exclusive of the Leptoconops group* 
into two main groups* which he distinguished on a number of characters* a consideration 
of which is undoubtedly of assistance when attempts to sort specimens are made with 
the limited data available in Macfle’s key to groups (1940* pr 13). Adding the 
Leptoconops group aa a separate division* Edwards’ division would be roughly as 
detailed In Table 3. 


FIKST DIVISION. 

Leptoconops Group, 

This is a compact group In which four genera are recognized by Macfle but only 
two of these are known to occur in the Australasian region. They are primarily 
differentiated from all other Geratopogonids by tbe absence of the r-m cross vein and 
the reduction of the antennal segments in the female to from twelve to fourteen. 
The appearance of the antennae with the majority of the flagellar segments short and 
broad and only the apical one differentiated is reminiscent of the SimuHldae* but the 
wing venation is distinctive. All branches of the radius fuse in such a way that there 
are no distinct radial cells and the radius terminates at or before the middle of the 
wing. Between the radius and the media Is found a veln-like thickening extending 
from the base of the wing to the distal margin* (see Text-figure 4). Leptoconops and 
Btylooonops are the two genera known to occur in our region. 

(All other Veratopogonidae hai^e the r-m cross vein present and the female 
antennae have fifteen segments.'t) 


SBX'OND DIVISION. 

Forcipomyia Group, 

The presence of a well-developed empodium between the claws of both sexes (In 
the female only in Apelnia) distinguishes both the Foreipomyia and Atrichopogon 
groups from all the other Geratopogonids. 

In the Foreipomyia group there are abundant macrotrichia covering the greater 
part of the wing. These are recumbent and often scale-Hke. The radius terminates 
at about the middle of the wing and the first radial cell is very narrow and often 
obliterated. The scutum is generally hairy all over. Tbe genus Lasiohelea is Included 
in this group although it is in some respects intermediate between Foreipomyia 
and Atrichopogon, but the appearance* of the wings is such that confusion with 
Atrichopogon is unlikely. Of the genera included in this group. Foreipomyia, 
Lasiohelea, Apelma and Pterobosca have been definitely recognized in the Australasian 
region. Other genera may still be found, in particular perhaps Thyridomyia and 
LepidoHelea. 


Atrichopogon Group. 

This group comprises species in which the macrotrichia of the wings are 
comparatively sparse and suberect with the radius extending beyond the middle of 
the wing* usually to about two-thirds from the base and with both radial cells 
distinct* the second being two or more times the length of the first (see Text-figure 6). 
The scutum Is bare, or with only short fine hairs. 

(Alt the remaining groups have the empodium rudimentary and inconspicuous,) 

Dasyhelea Group. 

In the wings of members of this group the first radial cell is more or less 
obliterated, the second, if open, is oblong or square, and is characteristically 
square-ended or at least sharply angled at the end, and terminates at about the middle 
dt the wing (see Text-figure 8). Macrotrichia are present* sometimes covering the 
greater part of the wing* sometimes restricted to the distal portion, but in moat 

•The interpretation of the venation i« discussed in greater detail in Part II of this scries. 

t Oocaslonal reductions in number of antennal segments have been recorded — e.g., Lasiohelea 
de MetUon has eleven segments in the female antennae and fifteen in the male. 
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species raacrotrichia are characteristically absent for a short distance on either side 
of all wing veins (see Text-figure 8), 



Texl-fif?ures 4-11 . — Typical winga of various genera. Text-figure 4. ^tyloeonop». Text- 
figure n. rorcipo^nyia. Text-figure 6. Afrivkopoffon. Text-figure 7. haHohelea. Text-figure 8. 
Dasyhelva. Text-figure l». Cnlicoidcs. Text-figure 10, Palpomyia, Text-figure 11. Bezffia, (For 
Stilobezzia nee Text-figure 3.) Various magniflciitionB. 

Cvrlicoides Group. 

Most species of this group have spotted wings (Text-figure 9), a feature not 
commonly found in other groups. Usually both radial cells are distinct and aubequal, 
and H,*r. terminates at or beyond the middle of the wing, but usually before the level 
of the end of Cu,. Microtrichla are distinct and macrotrichia are present, even If only 
at the apex of the wing. A pair of humeral pits are present anteriorly on the scutum 
(Text-figure 23). The female claws are equal and small (Text-figure 19). 

Ceratopogon Group. 

This group is closost to Cullcoidea. Microtrichla may be present or absent, but 
if macrotrichia are present they are restricted to the wing tip. The two radial cells 
are small and subequal and Rt^r. terminates beyond, but not far beyond, the middle 
of the wing. Humeral pits are usually distinct and the tarsal claws are large hut 
may be equal or unequal. For further details concerning this group See below 
(page 329). 
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THIRD DIVI8I01T. 

The members of this division are in the main large species on the wings of 
which macrotrichia are absent or sparse, the radial veins are clearly defined and R*^c 
terminates well beyond the middle of the wing. The body is relatively free of hairs 
and there are modifications in the form of spines, unusual shape or enlargement of the 
femora, tarsi or claws. 


Stikihezzia Group. 

In this group the median fork is always petiolate (Text-figure 3), a feature 
which distinguishes it from all the succeeding groups. There are usually two 



Text-tigures 12-28.— Various structures mentioned in the key to genera. Text- figure *12. 
Anterior view of head of Culicoides. Text-figure 18, Enlarged palpus of CuHcoidcs. Text- 
figure 14. Antennal segments 2-14 of Leptoconopn, Text-figure 16, Antennal segments 2-15 of 
ForMpomyia. Text-figure 16. Transverse basal antennal segments of Apvlma. Text-figure 17. 
Sculpturing on antennal segments of Dtisyhelea. Text-figure 18. Eifth tarsal segment of 
Ftrvipojnyia showing empodlurn. Text-figure 19. Fifth tarsal segment of Cuticoides showing 
hair-like empodiwm. Text-figure 20. Fourth and fifth tarsal segments of Stiloheaszia. Text- 
figure 21. Anterior femur and tibia of Heteromyia. Text-figure 22. Fourth and fifth tarsal 
aegmenta of Xtnphelea. Text-figure 23. Dorsal view of thorax of CuHooidea showing humeral 
pits. Varioue magnifications. 



328 


AUSTRALASIAN CKRATOPOOON IttAK (»IPT«IBA, NKKATOOEEA), PART 1, 

well-defined radial cells, of which the second is considerably longer than the first. 
Macrotrlchia may be present on the distal portion of the wing and an Intercalary 
fork is usually distinguishable. Modifications of the legs are various In the different 
genera of the group. The genera known to occur In the Australasian region are 
Btilohezzia, Aeanthohelea and Monohelea. 

(/n the remaining gronys the medlmt fork is sessile,) 

Macropeza Group, 

The shape of the thorax as seen In dorsal view distinguishes this group from all 
the others. The thorax is distinctly narrowed anteriorly, even sharply pointed, and 
hence appearing rather conical and in some species even projecting well over the 
dorsal surface of the head. The group is not known to be represented in the Australasian 
region. 


Palpomyia Group. 

The major distinguishing features of this group are the normally anteriorly 
rounded thorax and the presence of Re,, and hence two distinct radial cells, the 
second being considerably longer than the first, with terminating well beyond the 
middle of the wing (Text-figure 10). Macrotrlchia are absent. There may be a small 
spine or tubercle at the middle of the anterior margin of the scutum, and the legs 
are modified In various ways in different genera. In our region a number of genera 
of this group have been recognized, namely, Palpomyia, VHnohelea, Heteromyia, 
Xenohelea, Johanns enomyia and Dicrohelea. 

Bezzia Group. 

In this group R*+s is absent (Text-figure 11) and hence there is only a single 
long radial cell. This together with the sessile median fork should serve to distinguish 
the group. So far two genera have been recognized from the Australasian region, 
namely, Bezzia and Nilohezzia, but for further details see Part III of this series. 

Kjcv to (iRnrra* or CffiiiATW*oaoNiDAi 5 Known to Occur in the AUoTUAi^hian Rboion- 

1. Cr(js«-vein r-m abwent (Text-figure 4). P3yc» very widely separated. Female antennae 

with 12-14 segments only (14 in both Australasian genera) {heptveonops Group) 2 
(^ross-vein r-m present (Text-llgures 6-11). Eyes not widely separated (Text-figure 12). 
Female antennae with 16 segments 3 

2. T^aniellae of female ovipositor elongate and tapering, equal In length to apical three segments 

of abdomen Lepiooonops 

Lamelltto of female ovipositor very short, not tapering, their length comparable to that of 
the terminal abdominal segment Stylocon 4 >p 8 

3. Kmpodium present and obvious In claws of female and usually In those of male (Text- 

figure IS) 4 

Kmpodium lacking or inconspicuous and hair-lIke in claws of both sexes (Text -figure 19) » 

4. MirrotrichUi conspicuous, macrotrichia sub-eretrt, not scale-Hke and often not covering 

greater part of wing surface, always reaching well beyond middle of anterior margin 

of wing, radial cells dislinct, the second longer than the first (Text-figure 0) 

Atriehopogon 

Microtrlchia minute, macrotrlchia abundant, covering greater part of wing surface, recum- 
bent and scale-like, often terminating about middle of anterior margin of wing, 
radial cells not usually distinct (Text-figures 6 and /) .. {FortHpomyia Grouu) .. 5 

6. Second radial x'ell longer than the first and very narrow, terminating beyond middle 

of anterior margin of wing (Text-figure 7) Itasiohelea 

(Second radial cell not obviously longer than the first (tf not obliterated), terminating 
about the middle of the anterior margin of wing 6 

B. Antennae of female with last 6 segments elongate. Empodlum large and broad, modified 

for clinging Pfe7'£)bosco 

Antennae of female with only 5 segments elongate. Empodlum not excessively developed 7 

• The following genera have, at one time or another, booh recorded fcom Auetralla or New 
Guinea, but for various reasons these records are now regarded as Incorrect, usually because the 
speedes concerned have been found to belong to other genera : Ctrntopogont and 

Rpftderotnlae. 
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I, Atitennae of female with haaal flagellar aegmenta (4-*10) transverse, short and broad, often 

with the hrst few broader than long (Text*figure 16) 

Antennae of female with basal flagellar segments (4**10) relatively longer, not transverse 

but round, vaslform or flask-shaped (Text-flgure 16) Foroiwmyia 

H. Male without empodlum 

Male with empodlum developed as In female Thyridomyia* 

terminating at middle of anterior margin of wing, first radial cell usually obliterated, 
second radial cell short and square-ended, macrotriohia usually reasonably abundant 

(Text-flgure 8). Antennal segments sculptured (Text-flgure 17) Da^yhelea 

^^ 4 +B terminating beyond, and usually well beyond, middle of anterior margin of wing, radial 
cells otherwise conformed, macrotriohia abundant, sparse or absent. Antennal segments 

not sculptured jq 

10. M# with its origin distal to r-m (median fork petloiate, e.g.. Text-figures 3 and 9) . . , , U 
M, with Its origin proximal to, or Immediately beneath r-m (median fork sessile) (Text- 

figures 10 and 11 ) 14 

U. Wings short in relation to width (usually about 2*2, sometimes up to 2*5 times as long as 
wide), radial cells usually small and subequal, usually partially obscured by a dark 
spot, reel of wing often conspicuously spotted, microtrlchla obvious, macrotrichia dense 
to very sparse (Text-figure 9). Humeral pits obvious (Text-figure 22). Claws of 

female equal and small on all legs (Text-figure 19) (hilicoides 

Wings longer in relation to width (usually about 3 times as long as wide, in small Hi>ectes 
down to 2-5 times), radial cells well developed with the second usually considerably 
longer than the first, microtrlchla not always obvious, macrotrichia restricted to distal 
portion of wing or abwnt, wings seldom spotted (Text-figure 2). Humeral pits usually 
Inconspicuous. Claws of female not equal and small on all legs Croup) 12 


12. All femora armed with spines Acanthohelea 

All femora without spines 13 

) 2. Femora of hind legs thickened. Claws of female unequal on hind legs only . . Monokelea 


Femora of hind legs not thickened, Claws of female unequal on all legs (Text-flg. 20) 


Stiiohesstia 

H, present, hence two distinct radial cells jK 

Hjj^g absent, only one radial cell (Text-flgure 11) 20 

In. Fifth segments of tarsi not armed with strong spines 16 

Fifth segments of tarsi armed with strong spines (Text-flgure 22) 18 

1 6. Fifth tarsal segments of forelegs Inflated ; fourth tarsal segments of four posterior legs 

bilobed and armed with spines, femora unarmed CUnohelea 

Fifth tarsal segments of forelegs not Inflated ; fourth tarsal segments not armed, femora 
armed 17 

17. Femora of forelegs greatly swollen with fore tibiae strongly curved to the outline of the 

femora (Text-flgure 21 ) Beteromyia 

Femora of forelegs normal or if swollen then not to such an extent that the tibiae arc curved 
to fit the outline of the femora Palpomyia 

18. Claws of female equal and barbed on forelegs, unequal and barbed on four posterior legs 

DicroheXea 

Claws of female otherwise 19 

19. Claws of female unequal and simple on all legs (Text-flgure 22) Xt^nohelea 

Claws of female all equal and barbed Johannsenomyia 


20, Femora of at least the forelegs armed with stout spines; fifth tarsal segments not armed 


• Bexnia 

Femora without stout spines, at most spinules (strengthened hairs) present on four posterior 
legs; fifth tarsal segments armed with strong spines lyrtlo&ersfa 


Genus Ckhatopogok Meigen. 

(Including Brachypogon Kleffer.) 

Despite the fact that Skuse (188») placed all of hlg species except one In the genus 
Ceratopogon and Kleffer (1917) allocated ten species to this genus, including five of 
QkUiie's species and one of Schiner’s, and a further one of Skuse's species to the genus 
Brmhypogon, there is still no evidence that the genus, as it is now understood, occurs 
in Australia.t Most of the species retained in Ceratopogon by Kieffer really belong 

T'xhe" genus Thyridomyia does not necessarily occur in the Australasian region but Is 
Included here in ease of possible confusion with Apclma, when only female specimens may be 
avaUable. For practical purposes it would perhaps be best to regard Apelma and Thyridomyia 
Si merely aubgsn^ra of Forcipowpio. 

t KdWards (I92ii) described cerafepogon (IsoAsIsd) peregrimtor from Savail ((Samoa), so 
it seems possible that CsrafopopoH may eventually be found westward of Samoa, at least In the 
tropical part Of the region, , ^ 

> $ 
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to the genus Forcipomf/iat due to Kleffer-a misconception of the genotyim of Oer^topogon 
(see Kd wards, 1926, page 407), and a few are obviously species of Atrichopogon, Only 
one ^ecies has really remained in doubt, and that is Slcuse's Oeratopogon imper/^tas, 
usuany called by Kieffer Brachypogon imperfectua. My preliminary examination of 
the type specimen, mounted In gum on a card, left me In doubt as to which genus 
this species really belonged, since little beyond the wing venation could be made 
out In the specimen. However, on remounting in euparal it was Immediately obvious 
that the specimen belonged to the Ohlronomidae and not the Ceratopogonidae at all, 
and should now be called Spaniotoma (Smittia) imperfectua. 

It should be noted that In the one publication Kieffer (1906) placed this same 
species in both Chironomua (p. 19) and Brachypogon (p. 59), but in his 1917 revision 
he mentions it only in the genus Brachypogon, 
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AUSTRALASIAN CERATOPOGONIDAE (DIPTERA, NEMATOCERA). 


PART II. THK LKPTmONOPS OKOtrp OF GKNKKA. 

By Daviij J. Lkk, B.Sc. 

(Plate xxi, 13 Text-figures.) 

[Read 29th October, 1947.] 

In this part Australasian species of the genera Leptoconops (four spepies) and 
Styloconops (three si>ecies) are discussed, one species being described as new in 
each of the two genera. 


Lkptoconopb Gboi p. 

Two genera from this group are known to occur in the Australasian region, 
namely Leptoconops and Stploconops. Records of the species are few, but they must 
be fairly widely distributed. Probably all bite man, but only the species from 
New Guinea and New Zealand appear to occur in large numbers and hence cause 
considerable annoyance. Information on the life histories of these insects, about which 
nothing is known in this region, should prove particularly interesting. 

Genus Leptoconops Skuse (sens. lat.). 

Skusk. F. a., 1889. — Proc. Linn, Soc. N.S.W., 4 <2nd series) : 288. 

Oartbr, H. P., 1921 . — Bull vnt, Bea., 12: B. 

Slynonymyt Macfle (1940) places the following in the synonymy of J^eptoconopa : Teraethea 
Towns. 1899; Oentroiypna Orassi 1901 ; Mycterotypna T4Ulz T912, neo Phil; K. 1918 ; 

Prote.raethra K, 1921. 

Holoaonopa K. 1918 and Afivrooonopa K. 1921 are treated as separate genera but it seems 
desirable, for practical purposes, to follow Carter’s (1921) system of classiflcatlon in regarding 
these as merely subgenera. 

Genotype : heptoconops atyaiua Skuse loc. cU. (By monotypy.) 

SubgenuB Leptoconops (Skuse) Carter. 

(^artbk. H. F„ 192L— «»//, vHL Bea.. 12: 10. 

StTBOENERIC CII.4KACTKRH. 

(With the exception of the number of antennal segments these apply equally well 
to the other subgenera of Leptoconops, which are not, however, recorded from the 
Australasian region.) The eyes are widely separated, with the frons bare or with only 
one pair of bristles between the eyes. The mouthparts are less than or equal in length 
to the height of the head. The palpi are only four-segmented, with the first and 
second segments reduced, the third large and swollen and the fourth of approximately 
the same length as the third, but not swollen. The male palpi are somewhat longer 
and the third segment is not swollen. The female antennae comprise fourteen segments, 
the first being little moi'e than a chltinous ring, the second (the pedicel) large and 
rounded, and the third rather Intermediate In size between the second and the fourth 
and succeeding flagellar segments. Segments 4 to 13 are small, transverse or sub- 
spherical, and the terminal segment Is considerably longer than the preceding one. 
The male antennae comprise fifteen segments with normal plumes on the flagellum 
and the terminal segment considerably lengthened. 

The venation of the wings is rather Indistinct. The costa does not extentl to tho 
middle of the wing and the branches of the radios are largely fused dlstatly with 
the costa. Carter (1921, p. 8) and de Hellion (1989, p. 142) both consider the first 
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apparent vein extending from near the base of the wing to the apex as a spurious 
one; this does seem the only interpretation which will not be a direct negation of the 
interpretation adopted tor all other Ceratopogonldae. The radio- median cross- vein 
is absent and M* may be interrupted at the base. Mlcrotrichla- are present over the 
wing surface but macrotrlchla are absent 

The legs are moderately long, the posterior pair being the longest. The femora 
are unmodified and unarmed. There is a short, sharp ventral spur at the tip of each 
tibia, the first tarsal segment of the fore- and mid-legs is about twice the length of the 
second and In the hind legs about 15 times its length. The second to fourth tarsal 
segments are cylindrical, decreasing in length, but the fifth is usually distinctly longer 
than the fourth. Some of the bristles of the first tarsal segments may be developed 
as spines, particularly the apical ones. 

The female abdomen is terminated by two exceedingly long, narrow, tapering 
lamellae. In the male the hypopygium is large and conspicuous. 


Kep to Autitralaaian. Species of the Leptocnnops Group, 

l^amollae elongate, considerably Icjnger than wide ((Jenus ZiCjjfoooMops) 2 

Lamellae not longer than wide (Genus atyloconops) 6 

2, Larger species. Wing length 2 0 mm. or more; length of antenna 0-62 mm. or more .... 3 
Smaller species. Wing length 10 mm. or less; length of antenna 0*52 mm. or less .... 4 


3. Anterma very long, last segment at least six times as long as broad . . L. lonpicornis Cart. 

Antenna shorter, last segment at most 3*5 times as long as broad L. grandis Cart. 

4 . Larger speides ; segment 3 of palpus 1*7 times segment 4 ; wing length 1 -3-1*6 mm 

L. etpgius Sk. 

Smaller species; segment 3 of palpus 1*3 Umes segment 4; wing length 1*1 -1*2 mm 

L. v)oodhUl( n. 8p. 

b. Frons covered with numerous strong, short spines S. awstroliensie n. sp. 

Frons with sparse hairs only 6 

6. First hind tarsus two-thirds length of tibia; distal half of femora not contrasting In colour 
with basal half myerei (Tonn.) 

First hind tarsus one-half length of tibia ; distal half of femora dark brown In strong 
contrast to lighter brown of basal half S. albiveiitris (de MelJ.) 

Leptcconops (LEPi'ocONOPg) sTTOiuB Skuse. 

Skusk. F. a., 1880. — l*Koc, Linn. Soc. N.S.W., 4 (2nd series) : 288, 

Cartkr, H, F., 1321.— ««». ent. /?«»., 12; 10-11. 

Type : Type 9 In AJacleay Museum, Unfveralty of Sydney. 

Type liOcalily: Woronora (near Sydney, New South Wales). 

DISTINCTIVE CHAKACTEBS. 

(See Plate xxi, fig. 3, for photograph of wing and Text-figs. 1-3 for drawings of 
head, palpus and terminal abdominal segments.) 

L. stpgiuH is an entirely dark species with hyaline wings. The eyes are widely 
separated, with only a pair of frontal bristles at the level of the top of the eyes. 
The antennae are short with the flagellar segments spherical, except 14, which Is about 
1*6 times as long as broad. The scutum is clothed with minute black hairs, the legs 
are without any obvious modifications and the claws are equal and simple (but with 
a bristle arising from the base of each). The lamellae of the abdomen are elongate, 
bluntly rounded distally and 0*22 the length of the wing. There are two spermathecae, 
both heavily chitlniaed, subspherical (SO/u) with the commencement of the duct 
chttintsed for a short distance. 

The shape of the antennae, and in particular that of the terminal segment, will 
lUstingulsh this species from Z/. lonpicornis and L. grandis t but only the measurements 
of various parts, such as the palpi, the antennal segments and the wings, will distinguish 
It from X. uooodhiUt 

The male and the larva are both unknown. 

Tb« type locality and Fitaroy Falla (A. Xonnoir, 22-27.xi4937>. Additional 
material in Museum, 
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AUflTBALA6lAN OKaATOPOOOKmAR. II. tBPTOCOKOPS GBOUF^ 

Leptoconop» (Lkptooonops) wooDunj^i, n. «p. 

Types \ Halotype 9 (mounted on slide) and four paratype 9 $ In the C.8.I.K. Museum. 
Three paratyiie 9 9 (one mounted on slide) In the Macleay Museum, ITniverelty of Sydney. 

Type Locality : Adelaide River, Northern Territory (A. R. WoodhlU, I: 194S). 

I have compared a series of seven specimens of Lepfoconops from Adelaide River 
with a series of fourteen specimens of L. ntygius from FlUroy Falls and although there 
are no really obvious differences between the two, the measurements of various parts 
are so consistently at variance that I feel the Northern Territory representative of 
this genus should, for the present at least, be treated as distinct. The genus Leptoconops 
is very imperfectly known in Australia and the fact that no males or larvae of any 
species are as yet known makes it exceedingly dlfllcult to arrive at a satisfactory 
interpretation of specific differences. 

nrSTIK’CTIVK CirAKACTJCKe. 

(See Plate xxi, fig. 2, for photograph of wing.) L. tooodhilli Is again a uniformly 
black species somewhat smaller than L. stygius (the difference in sise is quite obvious 
to the naked eye in pinned specimens when the two species are compared). Structurally 
there are no differences between the two, but the measurements of almost all parts of 
L. woodhilli are smaller than those of L. stygius and In particular those of the wings, 
the antennae, the palpi and the hind legs. The relative lengths of the third and fourth 
segments of the palpi also do not correspond. A comparative table (Table 1) gives 
the details of the meaurements of L, woodfiilH in relation to other species. 

Diatrib^ition : Ah yet this species is only knoWn from the type locality. 

Leptoconops (Leptoconops) longicobnis Carter. 

Carter. H. P., inX,—HutL ent. Bee,, 12: 11-12. 

Types: Two c<dy|)e 9 9 in the British Museum (Natural History). 

Type Locality : Stated as the interior of Western Australia. The collector of these specimens, 
Professor W. J. Dakin, informs me that they were certalnb^ not taken at any great distance 
from the coast and probably in the vicinity of Perth, 

mSTINCTIVR CHABAGTEBB. 

(See Plate xxi, fig. 4, for photograph of wing, and Text-figs. 4-6 for head, palpus 
and terminal segments of abdomen.) 

This is a rather larger species than L. stygius and is particularly distinct on 
antennal characters. The length of the antennae is 0*84 mm. or almost twice that of 
L. stygius, the flagellar segments being suhapherical to narrowly oval (10 to 2*1 times 
as long as broad ) and the terminal segment is 6*6 times as long as broad, whereas in 
L, stygius it Is less than twice as long as broad. 

Neither the male nor the larva is known. 

: I have examined a large series from Crawley, W.A. (D. Swan, l.vii.l981), and 
a further series from Katannlng, W,A. (M. M. H. Wallace, 0.v,1947, biting man freely at S.30 
p.m.). Additional material in the C.S.I.R. Museum. 

Leptoconops (Leptoconops) ubandxs Carter, 

CarT»r. H. F., 1921.— Bull, ent Bee,, 12; 13-lS. 

Types: Two 9 9 cotypes In British Museum (Natural History). 

Type Locality ; Stated as Interior of Western Australia but see remarks under L. lofta4aornls. 

MStlNCrnVE CKABACmM, 

According to Orter this species Is almost identical with X. longieornis except In 
the form of the antenna. The length of this organ is 0*62 mm. (0*84 In L. l(mgict>m($), 
the individual segments of the flagellum (4-lS) are subspherical, being from 1*0 to 1*1 
times as long As broad and the terminal segment is almost 8*6 times at long as bx^ 
(6*6 in L. longieornis) and as long as the preening 2} segments (preceding g iP 
/#. longicomiB), 

The male and the larva are again uttkitOii^« 

iXstribKHos ; 1 have not seen this spectoe and there iid further^ of Its 

In Western Australia. 
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Genus Stylocjonops Ktetter. 

KisrrsRj J. J.. 1921.— Arcfc. In^t Past, de VAfr. itw SoHL, 1 : X07. 

Byiionymy'. Aoanthaaonops Carter, H, F., 1921. Bull, tnt, Bss.>, 12: 24, 

0€mtyps\ Htyloconops ail>iventris (Oe Meljere). (By original designation.) 

GKWEaiC CHABAOTBES. 

The genus Styloconopa only differs from Leptoconopa in having the area between 
the eyes (the frons) clothed with short spines and the lamellae very short, actually 
broader than long. As in Leptoconops (sens, str.) there are fourteen segments In the 
female antenna. The sensory area on the third segment of the palpus is a single large 
pit, whereas in at least the Australasian species of Leptoconops the sensory area 
consists of a group of numerous small pits. 

Styloconops albiventbis (de Meljere). 

DK J. C. H., 1915. — Tijdschr. v, Bnt., 58 : 98 (I/eri>(oro*wp«). 

Types: Location of types not «tated. 

Type Locality : Mouth of Sernowal Hlver, New Guinea. 

Bynonymy : Leptoconaps spinoaipes Kieffer, .T. J., 1917. A^in, Mua. Nat, Hung., 15: 190. 
(Typ« locality: Tamara, Berlinhafen, New Guinea.) AcantAoconops olOivenMa Carter, H. F., 
1921. Ban, ent Res., 12 : 26. 


DI8TINCWE CHAEACTEBS. 

(See Plate xxi, ilg. 1, for photograph of wing, and Text-figs. 7-10 for head, palpus, 
fore tarsus and terminal segments of abdomen.) 

An entirely dark species except for the abdomen, which is often white laterally in 
expanded unfed specimens. It may readily be distinguished from the species of 
Leptoconopa by the small fine spines on the frons and the prominent spines on the 
legs. Reference to Table 1 and Text-figures 7-10 will further clarify its specific 
characters. Differentiation from 8, myerai and 8, auatralienaia is clarified under those 
species. 

This is undoubtedly an extremely prevalent and annoying Insect on the New 
Guinea coast. 

Distribution: Apart from the type locality records Macfie (1939) has identified specimens of 
this species from Altapo (New Guinea) and Rabaul (New Britain) and from the Marquesas 
(1933). 1 have examined a large series of female specimens also from Altape and Flnschhafen 
(both M. H. Wallace), Busama, 12.V.1947 (A. J. Bearup). and Gona, 12.xi.44 (H. A. Grandall). 
Additional material In both Macleay Museum, Sydney University, and C.S.I.K. Museum, Canberra, 
A.C.T. 

STYLoco^rops MYBBSi (Tonnoir). 

TONNOm, A. L., 1923 . — BmB. «»t. Res.^ 14 : 443 (AoanfAoconops). 

Type : Holotype 9 In Cawthron Institute, Nelson, Now Zealand. Several paratypos in School 
of Fublic Keaith and Tropical Medicine, Sydney, one paratype in C.S.I.R. Museum, Canberra, 
A.C.T. 

Typo Locality : Taputaputa, Spirit Bay, North Island, New Zealand. 

Synonymy: Acanthoconops myersi, Tonnoir, Joe. cJt. 

PlSTISrCTIVE OHABAOTKBS. 

This species is very similar to 8, alpiventris and according to Tonnoir **the only 
differences are in the scanty hair on the frons, the untoothed tarsal claws, and the 
length of the hind metatarsi, which is two<thirds that of the tibia instead of one^hair. 

X haye compared a paratype of 8, mytrai with i^eolmena of 8, atbivontria and 
found that there is no difference in the frons nor in the claws but that the difference 
In relative length of the hind tibiae and first tarsi does hold. In 8, mysrai the hind 
tma Is X the length of the first tarsal segment and 21 x in 8, olbirentrie. In 
addlthm the femom of myerai are almost uniformly brown whereas the apical half 
is oohsiderahly darker than the basal half in B. ctmvmtria. 

^ere la no dOuM the two species are very closely similar and both are serious 




Text-tlirurtes 1-13. — Varfoua fipeci«« of the Leptooonopa group. 

Ftga. 1*3. — Ijeptovonopa atppiua. 1, Anterior view of head. 2, SegmenU 8 and 4 of palpus. 
3, Terminal segments of abdomen. 

Figs, 4-6.-*-i/ep(o<;a»op« lonpioornltf. 4, Anterior view of head. 8, Segments 8 and 4 pf 
palpu«. 6, Terminal gegmentfi of abdomen. 

Flge. 1-10. — Btpioconopa alHventrie. 7, Anterior view of head. $* Segments Z and 4 PI > 
palpuff. 9» Tarsus of foreleg, 10, Terminal segments of abdomen. 

'Figs, il-u.—StvioooMop» anetrolieHeie. 11, Antwlor view pf head. 12, Segments 8 anA 4 
of palpus. 1 3, Tarsus of foreleg. 

(Magnmcatlons: Figs. 1, 4, T and 11 x 64 ; ri*a 2, 6, 8 and 12 x 286 ; Figs. 9 and 12, 
X 250; Figs. 3, 6 and 10, x 66.) 
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TAUI.K 1. 

MtMuntnutnU of LeptoroiioiM Group, 



rtpeclea. 

ityoiui. 

L, wowlhitti. 

X. longi- 
comi*. 

X. Qrandii. 

S. atM- 
traliemti*. 

S. albivenlrU. 

8. myerH. 


mm. 

linn. 

imn. 

umi. 

ram. 

mm. 

min. 

Body 

2-5 


(3-6) 

(3-6) 

2-1 

1-6 -<1-8) 

1-5 

Wins 

1*47 

1-14 

(2 2) 

(2-0) 

1-0 

I-05-J10 

1-15 


(Average of 14 

(Average of 7 







specimens) 

specimens) 






Palpus . . 

(>•286 

0-1H2 




0-160 


Third migttiiuit of 








palputt 

0110 

0-065 




0-075 


Fourth tKfgiiirnt of 








palpus 

0'065 

0-050 




0-080 


Antenna (total). . 

(0-4B)*-4)*62 

0-416 

(0-84) 

(0-02) 

0-36 

0-380 


Seffinent 2 . . 

0 050 long X 

0-040x0-050 




0-045x0 055 



0 005 wide 







„ a . . 


0-036 x 0-035 






„ 4 . . 


0-020 X 0-030 






„ 5 ., 


0-026 xo-oao 




0-025 X0 033 


„ « . . 

0-035X0 035 

0-025x0-030 




0-025 X 0-(K33 


„ 12 . . 

0-035 X 0'035 

o-oaox 0-020 




0-025x0-028 


„ 13 .. 

0-035x0 -035 

0-030x0-018 




0-065 x 0*030 


„ U .. 

,0 076x0 040 

0-070x0-020 



0-065 

0-070 

0 060 

Fore lok— 








Femur 

0-425 

0-340 



0-301 

0-300 

0^300 

Tibia , . 

0-425 

0-3()6 



0-391 

0-300 

0-325 

Tarsus 1 

0-170 

0-136 



0-153 

0-120 

0-135 

U . . 

0-086 

0-068 



0-068 

0-060 

0-06f> 

„ in . . 

0-068 

0 068 



0-008 

0-050 

0-060 

.. IV .. 

0-084 

0-026 



0-061 

0-046 

0-040 

V .. 

; 0 060 

0-068 



0-068 

0-060 

0-070 

Hind le«— 








Femur 

0-646 

0-391 



0-64 

0-450 


Tibia . . 

0-470 

0-340 



0-04 

0-376 

0-450 

Tareus I 

0-255 

0-187 



0-25 

0-180 

0-435 

11 . . 

0-153 

0-110 



0-15 

0-135 

0-260 

M in . . 

U-085 

! 0-068 



0-00 

0-075 

0-160 

t. IV . . 

0-026 

i 0-034 



0-065 

0-045 

0-100 

V .. 

0-068 

0-005 



0-085 

0-065 

0-050 


♦ FiBUrea in bmckots are quoted from other authors. 


STYLOCONOPS AX7STRAUENSIK, H. Sp. 

Typejs: Holotypo 9 and 2 99 pamtypes in th« C.S.I.H. Muneum. AU Hpeolmenfii mounted on 
Rlidei. 

Typo i ovality : Plttwateir, New Sotith Wales, 14.xii.l946 (D. X Lee), The specimens were 
taken hltlng man. 


BISTINCTIVK CHAttACTSatS. 

ThiB is a very dark specicB except for the almoet white abdomen, pale bases to 
femora^ lighter brown tarsi and consplcnously white halteres. The excesBlvely spiny 
Irons Immediately distinguishes it from any other Australasian species in the 
Xtepioconopn group. 

jDEscBiFnoN (Female). 

(TexWtg* U.) The most remarkable feature of tbe almost black head Is 
the axeesstvely i^lny tnms similar to that of S. 9pino9ifron9 (Cart.) from Zanslbar* 
hdt apparently eyen more pronounced. The eyes are very widely separated and the 
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ant6nnae l4-8egmented, segmetits 4-13 being very short, actually broader than long, with 
segment 14 expanded and almost four timeli as long as the preceding segihetit. The 
palpi are 4'Segmented, of which the first two are small, the second and third considerably 
longer and subeQual, but 3 is also proximally distended with a rounded sensory pit 
(see Text'flg. 12.) 

Thorax: This Is very dark brown with creamy-white halteres. 

Legs: (See Table I for measurements.) The bases of the femora are lighter 
brown than the rest of the femora and tibiae; the tarsi are lighter brown. On the 
forelegs both the first and second tarsal segments carry stout spines (Text-fig. 13). On 
the mid-legs tarsus I is invested with longer pointed spines and on the hind legs both 
tarsus I and II are strongly spinose. The claws are equal, each with a prominent 
tarsal tooth. 

Wmgs: The wing length Is 1'6 mm. They are very pale and similar to those of 
albiiwntris. 

Abdomen: This is white in living specimens and with the tergltes scarcely 
chitinlzed. The lamellae of the ovipositor are very short and the spermathecae two 
In number, rounded, with obvious chitinlzed ducts. 

Diatribution : (,)nly known from the typo locality. 

Heferences ; Systematic references arc cited in full In the text. Any other general references 
wit! be found cited In full In Part I of this series. 

EXPLANATION OF PLATE XXI. 

Pigs. 1-4. — Photographs of wings of various species of the Leptoconopa group. All x 50. 

These photographs are the work of Mr. E. Parrish of the McMaater Laboratory, C.S.I.R. 
Division of Animal Health, University of Sydney. At the time of writing Mr. Parrish Is not 
available to give details of the photographic methods used, but I hope to Include these In a later 
part. The preparations from which the photographs were made were detached wings mounted 
In euparal except in the case of S. albiventria, for which species it was found necessary to mount 
in a non -clearing celluloid medium In order to get a satisfactory photograph. No staining was 
used for the purposes of these photographs. 

Pig. L — */S. albiventi-ia, specimen from AUape. 

Fig. 2.— L. woodhilli, paratype. 

Fig. 3. — L. aiyphia. specimen from Fltasroy Falls. 

Fig. 4.— •£.. iotmicornis, specimen from Crawley, Western Australia. 
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AUSTRALASIAN CERATOPOOONIDAE (DIPTERA, NEMATOCERA). 

PART m. TirE BKZZIA OBOUP OF GENERA. 

By David J. Lee, B.Sc. 

(With Plate xxl. Fig. 5, and eight Text-flgurea.) 
rrtead 2i»th October, 1947.1 


Introduction. 

The present paper discuseeB four species included in the genus Bifzzia, of which one Is 
described as new, and one species, also new in Nilohezzia. 7'he latter Is the first record 
of this genus from the Australasian region. For the characters differentiating this 
group see Part I of this series. 

Translations of Kleffer's original descriptions are included in order to facilitate 
re-recognltion of his species. In these translations Kleffer’s interpretations of the 
number of segments in the antennae and palpi and his terminology of wing venation, 
are adjusted to present conceptions. Although his type specimens were from the National 
Museum of Hungary, Budapest, I have been unable to find out whether or not they are 
still in existence. 


Genus Bezzia Kleffer. 

Kisfekh* j. J., 1899. — Bull. Soc, cnt. France. 68 : 69. 

Genotype (by original dwwignatlon) : B. ornata (Meigen). 

GENERIC CHARACTERS. 

This genus does not seem to have been adequately defined, but the following 
combination of the characters given by Ooetghebuer (1920) and Edwards (1926) should 
provide a workable definition. The genus has many of the characteristics of Palpomyia 
but an anterior tubercle is lacking, as also is Ra+a (hence only a single radial cell); 
Ri „5 terminates between the middle and the extremity of the wing and the median fork 
is sessile. Macrotrlchla are restricted or absent. Femoral spines may be present or 
absent and the fourth tarsal segment is short and cordate and without spines. 

For the present I have included all species conforming generally with the above 
definition in the genus Bezzia with the exception of one species which I feel is without 
doubt a A^ilobc^jria. The species B. curticornis may later require to be placed in some 
other closely related genus and Skuse's Ceratopogon tatipennis* is only doubtfully placed 
here, but owing to damage to the type its position must remain obscure until it is again 
collected and recognized. 

Key to Known Auatralaaian Species included in liezxia. 

1. extending at least to distal fourth of wing 2 

R^^ scarcely passing the middle of the wing, macrotrlchla present on the distal half of the 

wing latipennia (Sk.) 

2. All femora armed with black splnules ; fifth tarsal segment with 5 pairs of cylindrical black 

Splnules ourtioonUs K 

Only atiterlor femora armed with spines 3 

3. Anterior femora armed with 6-6 black spines: fifth tarsal segment bare of spines 

auatraiienaia K 

Atiterlbr femora with one spine only toemanieneis n. sp, 

^ ^Kielfar plaeed this sjGwclea in both Didymop^iUpe (p. B6) and Bezzia (p. 68), 

AUhptigh in fait li«e considered it as a indymaphlepe. His earlier confusion does indicate that he 
regarded it as at least related to B«Mda. 
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BKZZIA I.ATIPENN18 (SkUBC), 

BKrsM. R A., 1889 . — Phoc. Linn. Soo. N.S.W., 4 (2nd Merlee) : 808. (Ceratopogon.) 

Kibffek, J. J., 1917. — Ann. Mus. Nat. Hung., 16: 193. (BidywapMciw.*) 

7'ppe : AM that remains of th« uni<jiie female type ia what is apparently a hind ley* In 
Maeleay Museum, Univeraity of 8yd ney. 

Type Locality : Berowra. New South Wales. 

iiynonyfiiy: Ceratopogon laiipennis, Hkuse, loc. ctt, Tfidymophlepii* lafip^nnitt, Kiefter, J. J., 
1900. Chlronomidae in Wytsman’s (lenera Inseclorum, fasc. 42: 06. Bexgia latipennis., Kteffer, 
loc. cit., 58. 

Note: Until this species is rediscovered it will be Impossible to place It with certainty 
in its correct genus. It does, however, seem likely that it will fall Into the Bezzia group 
of geneni because of the single radial cell. 

DISTINCTIVE CHARACTKltS, 

It should prove a simple matter to recognize this species again. It Is dull brownish 
in colour with yellow legs, of moderately large size (wing 1-89 mm. long) and there Is 
only a single radial cell and the apical half and posterior border is clothed with a minute 
yellowish pubescence. The tarsal claws are very long (see Text-fig. 1). 



Text-flgurefi 1-4, — 1, Hind tarsun of latipennin, x 100. 2, Fore f^inur of 

B. laemanicntiia (male), x 100. 3, Hind leg of B. taamaniensia (male), x 100. 4. Male 

genitalia of B. iaamanienaiSi x 836. All figures from holotype specimens. 

Bkzzia cTjRTicaKNis Kiefter. 

Kibpfbu. j, J., 1917. — Anil. Mus. Not. Bung,. IB: 196. 

Type : Presumably in National Museum of Hungary, Budapest. 

Type Locality: Botanir Gardens, Sydney, New South Wales, 

Tranalation of Original Description. 

‘*y. Tawny j^ellow, dull and pruinose. Eyes separated by their terminal breadth, the third 
segment of the palpi a little enlarged, as long as the fourth and fifth together, the latter 
suhequal. Antennae brown, short, not attaining the wing base, scape reddish-brown, segments 
4-10 compact, briefly elliptical, scarcely as long as wide, segments 11-16 cylindrical, togeUier as 
long as 3-10 together, each twice as long as wide. Thorax strongly convex, higher than long, 
without a splnule in front. Mesonotum glabrous, with a median band of a dull bfowit, linear, 

• Kleffer, however, used the incorrect spelling BidpmoniAlepe for thie genua. 
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divided by a flue longitudinal line, shortened behind; the anterior third and the sides of the 
meeonotum equally brownish black. Scutelluin pale yellow, with long hairs. Halteres pale 
yellow. Wings whitish, almost rectangular at the lobe', with an indistinct dark spot situated in 
the fork of the anal vein, attaining the last fifth of the wing, not passed by the ooata, closer 
to the wing point than M,,, at least twice as long as its base very oblique and longer than 
r-m, the latter perpendicular, bifurcation of M proximal to r-m, the fork situated under 

r-m, continuing the direction of the stem, Cu^ very oblique. Legs moderately large, pale 
yellow, fifth tarsal segment black, the distal half of all the femora armed with black spinules, 
these longer than ordinarily, attaining in length half the width of the femora, six or seven on 
the four anterior femora, four or five on the two posterior femora, the two posterior legs having 
also on the femora, the tibiae and the tarsi, hairs as long, the four anterior with shorter hairs ; 
posterior tarsi distinctly longer than the tibiae, third segment of all the tarsi cylindrical, two 
to three times as long as wide, fourth scarcely as long as wide, obliquely truncated but. not lobed, 
the fifth almost as long as the third and fourth together, slender, curved with five pairs of 
cylindrical black splnules ; tarsal claws large, attaining two-thirds of the segment, equal, bifid, 
the two branches unequal, the larger almost three limes as long as the smaller. Abdomen 
whitish-yellow, battened, as large as the thorax. Length 3 mm,*’ 

DiaMbution ; This species has not yet been redi»<x>vered. 

BiczziA. AiTSTRALiKNsig Kieffei*. 

Kieffbk. J. J., 1917, — Ann, Mua. Nai, Hnnu., 15; 197. 

Typra : Presumably in National Museiun of Hungary, Budapest. 

Type Locality : Botanb' Cardens, Sydney, New South Wales. 

Tramlation of Original De.scription. 

“9- Brownish-black, dull, head brown. Antennae separated by a triangular space narrowniig 
to a fin© line in front. Fifth segment of the palpi a little longer than the fourth, shorter than 
the third, without long hairs. Antennae attaining the posterior border of the thorax, segments 
4-10 cylindrical, a little longer than wide, segments 11-15 together a little longer than 3-10 
together, filiform, each a little more than twice as long as 10. Thorax strongly convex, higher 
than long, without splnule in front. Meaonotum glabrous, with throe longitudinal bands of 
rtddish -brown, the median linear, bordered by a. clearer colour, the laterals shortened in front ; 
shoulders with three or four little white spots. Scutellurn with several hairs. Petiole of the 
halteres pale. Wings hyaline, gradually thinning to the base, not passed by the costa, 

3- 5 times as long as R, (at least) attaining the last quarter of the wing, further distant from 

the wing point than Mj,, but closer than in Us distal half it approaches the costa and the 

narrow space which separates them is darkened : bifurcation of M proximal to r-m, the base of 

on Is distal to the r-m ; intercalary fork absent, as usual In this genus. Legs slender, 
femora, tibiae of the two anterior legs with two yellow rings, Intermediate tibiae with one 
yellow ring near their distal extremities, posterior tibiae wKh a large yellow ring near the 
middle and yellow at the base, tarsi all yellow, distal extremities of segments 1-3 and segments 

4- 5 black, anterior femora with five or six spines on Its distal half, the others inermous, all 

the tarsi a little longer than the tibiae, third segment of the posterior tarsi at least twice as 

long as wide, fourth transverse, crordiform, fifth longer than the third, narrow, slender, 
InermouB ; claws of moderate length, one-third the length of the fifth segment with a minute 
tooth at their base. Abdomen flattened scarcely narrower than the thorax. I-Ksngth 2-3 mm. 

’’Sydney, Botanic Gardens (Bird, 1900). Two females; a third specimen has the four 
posterior legs reddish, with the tibiae and tarsi yellow, the posterior tibia having near its 
extremity a black ring, and near its base, another larger one.” 

Diatribution : This species has not been rediscovered. 

Note: A specimen In the C.S.l.R, Museum from Blundeil's, A.C.T. (7.1.1980, A. Tonnoir), 
would key to B, auatralienaia, but differs at least hi its uniformly shiny dark brown scutum and 
darker logs. It is almost certainly a new species but is too damaged for description. 

Bkzzia tabmaniensih n. sp. 

Type: Holotype In the C.S.l.R. Museum, 

Type Locality : Burnie, Tasmania (31.1.1923, A. Tonnoir). 

PJ8TINCTIVE CHAIiACTEBS. 

A small species of uniformly dark-brown colouration (head, thorax and abdomen) 
with pale yellow-brown legs except for the tibiae, which are indefinitely slightly darker 
at the tip and anterior femora with only one spine, 

DRBCgrmoN (See Table I for measurements). 

Male. 

Headx The eyes are separated, the antennae short with segment 2 (the pedicel) very 
large, the two almost touching; segment 8 with a long stem but othetwise similar to the 



342 


ArsTWALAfillAW CJIiaiATdlPOQONlDAE. itl. BKftKIA (HtOXTr* 

following flagellar aegmentSi 4 to 11 being equal in &l 2 e» subcyllndrioal, a little longer tban 
broad (6:4) and 12 to 15 are elongated, almoat three times as long as wide, but 12 Is 
slightly smaller than the other three and 15 slightly longer. There are sparse verticels 
of long hairs on segments 3*'ll. 

Thorax: The scutum and scutellum are clothed with fine golden hairs, imlformly 
but sparsely distributed. The halteres are of the same colour as the thorax. 

Ijega: The femora of the forelegs (Text-fig. 2) have a single stout short spine on 
the under surface about two-thirds from the base and the tarsal claws are equal and 
simple on all legs. See Text-fig. 3 for illustration of hind leg. 

Wings: The wings (Plate xxi, fig. 6) are covered with fine microtrichla hut 
macrotrlchia are absent. There is only one radial cell, Ka+« being absent, and Ri+a 
(and the costa) extend about five-sixths the length of the wing and M, arises under- 
neath r-in. 

Ahfiomen: The genitalia are of the usual Bezzla type, very small with the harpes 
fused into a long median rod. (See Text-fig. 4.) 

The female is not known, 

Di.8frt6»^iou : Only known from the typo lot^ality. 


Tabt^b 1. 

MmitureimntB of of thfi Hezxia (Jrmp, 



liezzia taimaniefUtU 

yUobezzia tpharUmi 

? 

s 


nmi. 

mnt. 

mm. 

Wins — 






hftllgth 

1 ' 

105 

2 *480-2 *538 

1*850 

Width 

()• 

301 




Antenna— 






Tot4il lengtth, «e«- 






mentw 3-15 

()• 

510 




Beainentn 4-10 

Eaih 0 03,5 




SeRTnriit 12 

0*046 




13 

0*050 




„ u 

0 050 




» 15 

0*060 




l.ege— 

F()rrt teg. 

mnd Les. 

Fore i^eg. 

Hind W. 



Hind Leg. 

Femur 

0*289 

0*408 

0*780 

1 (8)2 

0*090 

Tibia 

0-272 

0-357 

0*780 

0*9S8 

0*672 

Tarsus 1 . . I 

0*1 11 

0*187 

0*884 

1*040 

0*300 

..11 .. 1 

0*061 

0*085 

0 109 

o-w 

0*143 

in i 

0*034 

0*034 

0*104 

0*109 

0*104 

M IV 

0*084 

0*034 

0*078 

0*104 

0‘07B 

.. V 

0 0.51 

0-051 

0*195 

(>•208 

0*117 

Claw 



0*1«9 

0*195 

0 039 


Genus Nilobezzia Kieffer. 

Kumtcbr, J, J., 1921. — Ann, 8oc. Ent. France. 90: 24. 

Macfwp, j. W. 8.. tr. EuL. 77: 280. 

Genotype: Nllohsssisia armata Klelter, loc, clt. (By monotypy.) 

OKISBRIC CHABACTKIia. 

The wing venation in JVilohez 2 :ia is Similar to that of Bestzia. However, the fourth 
tarsal segments are suhcyllndrical and the femora la(^ stout spines but have some of 
the setae of the four posterior legs strengthened into ap^ules. As ih ths speples 
described b^ow, only one or two such spinules may be present at |he diiital 
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of the femora and might easily be overlooked. The tarsi have their fifth segments armed 
with strong spines and the female claws are equal and barbed. 

NitOBKZZIA WIIARTOM, ». 8p. 

Tppca: Holotypti 9, allotype <S and one 9 paratype in the C.H.l.R. Museum. 

Type ItOCaUty : All speclmenB from Fairfax Harbour, Port Moresby, Papua (30.V.1947, R, H. 
Wharton). 


PlftTINCrnVK CHARACTKK6. 

This species may be distinguished from all other species recorded from the region 
on generic characters alone. 



DEKKJBIPTION. 

Female. 

A brown to dark brown species with white bal teres, whitish abdomen and brown 
legs, of which the first four tarsal segments are paler than the rest of the legs. 

ffeufl: The head Is dark brown, with brown antennae and light brown mouthparts 
which are scarcely half the height of the head. Of the antennal segments 3 is longer 
than 4, 4-XO are barrelHshaped, ll“15 elongate and approximately equal, each being about 
twice the length of 10, The palpi are without any obvious modifications, the third 
segment is the longest and the fourth and fifth equal The eyes meet dorsally. 

Tzaras: The scutum, pleura and postnotum ai’e brown, but the scutellum is a paler 
brown than the rest of the thorax. The halteres are white with pale yellowish stems, 
XepA; The legs are brown with femora, tibiae and fifth tarsal segments darker than 
the first four tarsal segments. All the femora have one or two thickened spines near the 
ai^ and the tibiae have ab^^ similarly stout spines equally spaced along their 
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Whole length. There is, however, only a alight difference between the strength of these 
spines and the rest of the setae uniformly covering the femora and tibiae. The fourth 
tarsal segment is the shortest, but Is cylindrical. The fifth tarsal segments are elongate, 
slightly expanded aplcally and bearing about ten strong pointed spines. The claws are 
eciual, each about as long as the fifth tarsal segment and with a strong basal tooth. 
Text-fig, 6 illustrates the hind leg. 

Wings: The wings are without inacrotrichia and the microtrichla are so fine they are 
scarcely discernible at a magnification of 60 times. The venation Is as shown in 
Text-fig. 6. 

Abdomen: The abdomen is yellowish white with somewhat darker areas, particularly 
at the margins of the tergltes and the first terglte is dark brown. 

Male, 

This sex is noticeably smaller than the female and darker in colour. The thorax is 
dark brown and the scutellura and postnotum particularly dark. The femora, tibiae and 
fifth tarsal segments of all legs are dark brown and the rest of the tarsal segments 
light brown. The claws are small, equal and simple with merely a basal angle. (See 
Table 1 for measurements of wings and leg segments.) The abdomen Is similar to that 
of the female. 

Male Genritalia: The coxites are small and rather narrow (both styles are missing 
in the allotype), the ninth sternite large, longer than the coxites and complicated with 
folds and lobc^s In Its distal half. The phallosome Is shown In Text-fig. 7 and the fused 
harpes In Text-fig. 8. 

Distrilfution : As yet this species is only known from the type locality, 

Ifefercnces : Any citations not given in full will be found in Part I of this series. 

EXPLANATION OF PLATE XXI. 

Fig. r>. — Wing of holotypp male <»f llestia funmaniimaiit, x HU. 
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AUSTRALASIAN CERATOPOGONIPAE (PIPTERA, NEMATOCERA). 

PAKT IV. THE BTIU»BEZZXA GHOUP OF QENFJftA. 

By David J. Lee, B.Sc. 

(With Plate xxii and 28 Text-figures.) 

[Read 2ath October, X947.] 

iNTROOtTCTlON. 

Three genera of the Stilohezzia group have been recognized In the Australasian 
region, namely, Stilobezzia (eight species), Monohelea (eight species) and Acanthohelea 
(one species). All the recorded species, of which five out of a total of seventeen are 
described as new below, come from either New Zealand, Tasmania or New South Wales, 
with the exception of one species from southern Western Australia. More species will 
undoubtedly be added to this list and the absence of any records of the group from 
New Guinea should not be taken as indicative of its absence there since Stilobezzia 
occurs in the Oriental region and on certain islands of the central Pacific and will almost 
certainly be found in the tropics of the Australasian region when more intensive collecting 
is undertaken. 

For characterization of the group and differentiation of the genera see discussion 
and key in Part I of this series. 

Genus Stiu)bkzzia Kleffer. 

KiBrFBH. J. Jm 1911. — liec, Indian Mu$., (S : 118. 

Sv?i<wyw(/ : ilartomyia Mallooh, J. R., 1916, Bwll. /!?. 8ta. Lab. Nat, llini., 10; 330. 
dffnotype (by original dcHlgnation) : 8. notata (de MeiJ.) » 8. f estiva K. 

QEJfERlC CHASACmCBS. 

Usually of moderate to large size, members of the genus 8tilobezzi(i are rather slender 
Insects with few body hall's; the legs are slender and there are no spines on the femora. 
The female antennae have segments 3-10 oval and 11-16 long and cylindrical, but In the 
male only the last three or four segments are elongated and there are well developed 
plumes on the basal segments. Humeral pits are present but may be inconspicuous and 
the scutum Is usually bare of long bristles. The fourth tarsal segment is cordlform, the 
fifth is not enlarged and the female claws are large and very unequal; an empodlum is 
absent. The wings are rather long with distinct microtrlchla over all the surface and 
usually some macrotrichla at the wing tip. The costa extends to at least two-tUlrds of 
the wing length, the two radial cells are very distinct but the second is considerably 
longer than the first. There Is a distinct intercalary fork and the median fork is veiy 
obviously petlolate. 

Key to Australasian Species of StllobezKia. 

1. Anterior four legs of female with a pair of black spinules at the base of each fifth tarsal 
aagment ; all tibiae mottled with numerous dark brown spots, fore femora with two brown 

hands, mid and hind femora with one brown band pictipes K. 

No such black spihules on fifth tarsal segments; ornamentation of legs otherwise 2 

3,' First hind tarsal segment with a basal spine 2 

First bind tarsgl segment without a Vwisal spine 4 

3. Very dark brown species; scuteilum very dark brown. Second radial cell 3-1*6 y first 

antipodalis I, A H. 

Lighter brown to golden ; sCuteUum yellow. Second radial cell 3 x length of first 

; ...i fosmaniensitt, n, sp. 

" 'C ;AA' . . ■ ■ ' 
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4, yellowish-brown species obal6«eii«4 I. 4b M. 

Darker reddish-brown to greyish-brown Bhectes ^ . 6 

Ti. Wing length 30 mm.; second radial cell 4 x length of drat /ttsrogensfSj n. gp. 

Wing length less than 2*5 mm. ; second radial cell S x length of first 6 

0. (lenltalla of male not exceptionally large, harpes almost as long as coxlte, tapering to a 
point which is re<surved over the phallosome 7 


tienlialla of male extraordinarily large (coxite longer than the hind femur or tibia), harpes 
not half the length of the coxite, not recurved or pointed at the tip .... penWaMs, n. sp. 
7. Wing of male with fairly numerous macrotrichia between and M#. and M, and Mg,.* 

hadia Maofie 

Wing of male with few macrotrtchia betwdfen M, and Mg. and only one or two between Mg 
ami Mg, , towuoh'i Macde 

Sni.oBKzziA ANTiPouAus Ingram & Macfie. 

Inoram. a., and Maopib, J, W. K,, 19.^1. — Ana. Trop. Med. and ParaMt., 25: 203. 

Macpik, .J. W. H., 1932. — Ann. Trop, Mtd. and Parasit., 26: 41 (in key). 

Type: t:r type in Hriiish Museum (Natural History). 

Tyi)€ Lovality: White Rock. New Zealand. 

Stilowkkssia ohakunki Ingram d; MaCfie. 

INORAM, A., and Macfik. J. W. S., 1931. — Ann. Trop. Med. and Parnnit., 25: 202. 

Maopik, j. W. 8., 1932.— AniL Trop. Med. and Paraeit., 26: 41. 

Type: 9 type in British Museum (Natural History). 

Type Locality: Ohakune, New Zealand. This species was later recorded from £4kke Brunner 
and Nihotupu (Macfie. 1932). 

Stii.obp^zzia bapia Macfie. 

Macfik, j. W. 8.. 1932,-' Ahji. Trop. *Wed, a«d ParaeU.. 28: 41. 

Type: One male and one female specimen comjrrise the type series but which Is the holotype 
is not disclosed although it is admitted that ‘'the association of this male with this female is 
purely conjectural, and may be erroneous*'. In British Museum. 

Type Locality : The female specimen came from Aniseed Valley and the male from T^elson, 
New Zealand. 


Srn.oBKZziA tomvoikj Macfie. 

Macfik. j. W. S.. 1932. — A>i>i. Trop. Med. and Paranit.. 26; 43. 

Type: tf type In British Museum (Natural History). 

Type hocalUy : The first listed locality is Heefton. hut the species is also recorded from 
Nelst)n and Aniseed Valley, New Zealand. 

STltOBKZZlA P1CT1PK8 

KiwriPBR. J. J., 1917. — Ann. Nat. Mue, 15: t91. 

Type : ITcsumahly in National Museum of Hungary, Budaijcst. Allotype d* i« the C.S.I.R. 
Musouin (Allotype designated below). 

Type Locality : I'arrnmatta, New Houth Wales. 

Translation of Original hencripHon, 

‘* 9 - Whitish. Front and mouihparts dull reddish-brown. Eyes glabrous, confluent or 

Kf'ixirated at most by a fine line. Palpi brownish -black. Antennal segments 4-10 black with 
white base, gradually lengthening, 4 almost globular, 10 distinctly longer than wide and almost 
cylindrical, segments 11-15 brownish-black, together scarcely as long as 3-10 together, eaoh 
twice as long as 10, cylindrical. Mesonotum dark brown, convex, dull, subglabrous, the 
shoulders a little more (dear. HaUeres white. Wings hyaline, lobe almost, rectangular^ 
attaining the distal third, not pasned by the costa, at least one-half* longer than H,, parallel to 
the anterior border, at its termination It curves suddenly towards the border; first radial cell 
rectangular, twice as long as wide, base of R,„[ almost perpendicular like r-m, stem of the media 
going beyond half the base of Cu, on proximal to r-m, Cu, only attaining half 

the former arched. I^egs whitish, coxae dull, femora Inermous. not enlarged, the anterior 
and posterior i>air« with two brown rings, the intermediate with one brown rlttg before the distal 
extremity, all the tibiae are decorated dorsally with numerems black spots and daifts, thelr^ 
distal ends, like the articulations of the tarsi, are black ; posterior tarsuei scarcely as tong as the ' 
Hbla, fourth segment transverse, black, prolonged ventralfy In two lobes directed forwaidly, 
tlfth not as long as the third and fourth together, narrow, curved having at their bases a pabc' 
of cylindrical spinules, except In the posterior tarsus; claws uhefithaU the ^rffer equaiUlng two^ 
thirds of the segment, the other very email. Abdomen convex as tgtge as the thorax# dpt) and 
ahnost glabrous; tergites crossed by a longitudinal dull band, which tnoludes at the.ahteriOr 
iwrder a white spot; sides of the tergites with a black spot: atefThUes 
border, length '2 ihm.**' ' . // 



DjHTmcTivK ciiAWACTKMH. (See Table 1 for measurements.) 

Tbe ornamentation of this species is very characteristic. The fore femora have daj*k 
brown bands at about one-third and two-thirds from the base and the mid and hind 
femora a single preaplcal dark band (this is at variance with, the original description 
of the hind femora). All tibiae are extensively mottled with dark brown irregular spots 
and their apices are dark. The abdomen is ornamented, the tergites being dark brown 
but enclosing an anterior medial pale area on each segment (see Text-flg. 12). There are 
three very unequal apermathecae (Text-fig. 18), the largest 120^ by 76m, the next 
46m by 40m nnd the smallest 10m by 10m* 

The original description does not mention the apical spine on the first tarsal 
segment of the fore leg nor the single basal and two apical spines on the first tarsus 
of the mid leg and two apical spines on the second tarsal segment. These spines are 
found in both sexes. The wing is illustrated in Plate xxil, fig. 1. 

UKSCKIPTION. 

Allotype Male. 

The’ male is very similar in colouration to the female. The antennae have segments 
8-12 with long dense plumes, segments 4'11 are short, 12 is about twice the length of 
11 and 13-15 are about tVice the length of 12. The claws are equal, shorter than the 
fifth tarsal segment; each has a small basal angle and under high magnifications each 
claw may be seen to be divided at the tip. 

Genitalia (see Text-fig. 14): The coxites are complicated by a broad, hook-like basal 
lobe. The phnllosome comprises two converging narrow chitinous rods and the harpes 
are separate stout rods with recurved tips. 

Distribution : 1 have tvxamitied a con«iderabU> Series of both sexes of this species from 
NorthwfKid, Now Wouth WbIos A. K. Woodhill), and from these the allotype was 

seleoted. Additional material has been lodged in both tho C’.S.l.R. and Maoleay Museums. 

HtII.OHKZZIA r.\SMANtKN«l.S, h. 8p. 

Types: Holotypo 9 and allotype together with two 9 9 paratypes in the C.S.I.R. Museum, 

Type Locality: niirnio, Tasmania (21.1,1922, A. Tonnoir). All type specimens with same 
< oI lection data, 

m «T1 NCTI VE C n A K ACTfCH B , 

This species Is only likely to be confused with aritipodulis which is, however, a 
much darker species with a very dark brown scutelhim as compared with a yellow 
Bcutellum in tasmaniensis. Further, the male genitalia of the two species are quite 
distinct. 

DKscRiPTioN. (For tneusuremcn ts see Table 1.) 

Female. 

Head: The head is brown, shining, with dark bristles on the vertex and overhanging 
the eyes and including one longer one projecting between the eyes, which are separated 
by a very narrow space. The antennae are darker brown with the first eight flagellar 
segments cylindrical and the last five much elongated and all segments have browm haira. 
The palpi are short w*ith the segments not obviously modified (Text-fig. 6), although 
there is a sensory pit towards the distal end of the third segment. 

Thorax: The scutum is dark brown, shining with an exiensive square golden to 
golden-brown area at each anterior corner and a light brown prescutellar area. There 
Is a longitudinal row of black hairs along the mid-line and two similar lateral lines on 
egch side* the latter being marked by lighter brown lines on the Integument. There are 
also two pairs of dark, fine spines on the anterior border of the scutum half-way between 
the ihlddle and the lateral margin and a group of stronger bristles above the wing roots. 
Humeral pits are present but Inconspicuous, The scutellum is yellow with one long dark 
brown border bristle at the centre and three lateral ones on each aide, together with 
i^rse fine hairs, fbe postnotum Is dark brown, the halteres brown at the base with 
the rest iwte yellowish and the pleura hare the same range of colour as the scutum. 
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Legs: The legs are yellowish to golden-brown with the tips of the femora and the 
third to flfth tarsal segments darker, but there are no pronounced markings. The fourth 
tarsal segments are bilobed beneath and all the claws are almost as long as the flfth 
tarsus, single, curved and with a small tooth at the base. 

There Is a small strong spine at the anterior end of each first tarsal segment and a 
similar, but less conspicuous spine at the posterior extremities of both the first and 
second tarsal segments. Both the fore tarsus and the hind leg are figured (Text-flgs, 
9 and 7). 

Wings: There are distinct microtrlchla all over the wings (see Plate xxii, fig. 4), 
but macrotrichia are present at the tip only. The radial cells are well formed, the 
second three times as long as the first and the costa extends over two-thirds of the wing 
length. 

Abdomen: T|ii8 is brown with a yellowish tip and there Is a group of black bristles 
at the sides of the first abdominal segment. The spermathecae are three in number, all 
unequal, and the smallest is minute. All have a short chltlnized duct and all are sparsely 
pitted. The smaller of the two large spermathecae is shown in Text-fig. 8. The dimensions 
of the spermathecae are 120 m by 85 m, 100m by 70 m and 30 m by 20 m. 

Male. 

This sex is similar to the female in colouration and bristling. All the antennal 
segments (Text-fig. 4) are dark brown and there are long plumes on segments 3~12, but 
only 13-16 are elongate. All the tai-sal claws are equal and simple and the wings have 
only a very few macrotrichia at the tip. 

The genitalia (Text-fig. B) are well developed with broad coxites and unmodified 
styles. The ninth terglte is as long as the coxites, and terminates distally In two 
divergent finger-like processes and the harpes are almost as long as the coxites, lying 
close together, of uniform width for most of their length but a little swollen distally. 
The ph allosome consists of two curved rods almost uniting distally. 

: Apart from the type series I have seen one other male from Cradle Valley, 
Tasmania (A. Tonnolr, 20,1.1923). 

StILOBEZZIA GEXITAI.1S, n. sp. 

Type : Holotype if In the O.S.T.R, Museum. 

Type hoeatity: Strahan, Tasmania (0.11.1923, A. Tonnoir). 

mSTINCTlVE CJlAnACTEKK, 

This species is very similar in general colouration to S. taHmaniensis but the first 
taitial segment lacks a basal spine (which would no doubt sei-ve to distinguish females) 
and the genitalia are relatively enormous, each coxlte measuring 0'86 by 0*34 mm. 

DESCRIPTION. (For measurements see Table 1.) 

Male, 

The measurementa of the antennae, legs and wings closely parallel those of 
flf. tasmaniensis. The scutum has a square golden area at the anterior comers only and 
the pleura are almost as light as these areas. The scutellum has one central border 
bristle with four laterals on each side. The first tarsal segments lack a strong basal 
spine. (See Text-fig. 10 for illustration of hind leg.) The wing is illustrated in 
Flute Xxii. flg. 2. 

The genttalla (Text-flg. 11) have greatly enlarged coxites each of which has a thumb- 
like process on the inner side and the styles are very heavily chitlnlzed and finely hairy 
with the tip strongly bent. The ninth tergite is only about half the length of the coxlte 

; jt .... — 

Figs. penifohs. 10. Hind leg of holotype, x BO. Oonltalia of specimen from 

Cradle Valley, x BO. ' 

Figs. 13rl4. — (specimens from Northwood). 12. I>orsum of female abdomen, 
x Sd. n. Spermathecae, X 100. 14, Male genttalla, x 160, 
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and terminates in two divergent Ilnger4ik6 processes. The harpes are elongate simple 
structures lying side by side and the phallosome consists of two sepamte short rods 
almost meeting apically but widely divergent at the base. 

The female is not yet known. 

: 1 have examined a further male of this upecies from Cradle Valley. Tasmania 
<A. Tonnolr. 19.1.1923). 

StH.OBRZZTA FITZKOyKNSlB. H. Sp. 

Type ; Holotype 9 in the C.S.I.R. Mueeum. 

Tppe LocaUtp: Fltaroy Falls, New Houth Wales (22‘27.xi.l927, A, Tonnolr). 

DTSTINCTIVE CHAMACTKHB. 

A large, rather dark brown species with largely pale legs in which the first tarsal 
segments lack a basal spine. The second radial cell is four times the length of the first 
and the distal part of Ri is in line with r-m. 

DEscitiPTioN. (For measurements see Table 1.) 

Female. 

Bead : The head is chestnut brown with a row of black orbital bristles above the eyes 
but otherwise it is bare dorsally. The eyes are separated by only a fine line. The 
antennal segments are cylindrical with the last five elongate (Text-fig. 1). 

Thorax: The thorax is rather darker brown than the head, with a dull brownish 
bloom. The pleura are similarly dark brown but the scutellum is distinctly paler 
(reddish-brown) and Invested with some nine dark bristles. Humeral pits are obvious 
and the scutum is largely bare with a few bristles Just above the wing roots and Just 
anterior to the scutellum. The halteres are yellowish. 

Lep«: The legs are generally pale yellowish with the fourth and fifth tarsi darker 
and the apices of the first tarsal segments are also narrowly dark and the femora 
reddish-brown. The fourth tarsal segment is bilobed beneath (in Text-figs. 2 and 8 
it is shown in lateral view, hence It does not appear bilobed in these illustrations). 

Winp6-: The wings (Plate xxll, fig. 3) are entirely clothed with microtrlchla and 
macrotrlchia are numerous on the distal portion of the wing from the level of the end 
of the costa to the tip and the intercalary fork la distinct. 

The second radial cell is four times the length of the first and r-m and the distal part 
of Hi are in line. 

AMomen: The abdomen is greyish-brown, sparsely clothed with short hairs and there . 
are two large and one minute sperma thecae, all of which are sparsely pitted. The two 
large spermathecae measure 95/* by 70/* and 85/* by 65/*. 

Z)i«rHb«eimt ; Only known from the type locality. 

Genus Monohelea Kleffer. 

KiaFPRa, J. J,, 1917. — Ann. Not. 15: 294 and 312. 

Kj/noni/my: SchixoheUa* Kielter, J. J., 1917. 4»«* Bus, Nat. Bung., 15: 295. AUohetea 

Kiefier, J, J., 1917, Ann. Jftt#. Not. Hung,, 15: 804. 

Genotype: M. hieroglyphioa Kieffer 1917. loo. clt. (by original designation), 

aCNBBie CHABACTEBS. 

This genus resembles ittilohexzia in most respects but differs particularly in the 
characters at the fourth tarsal segment and the female claws. 

The body is not very hairy and rather shorter than In Btilohezzia. The fore and mid 
legs are unmodified, the fourth tarsal segment is short but cylindrical and the tarsal 
claws are relatively small and equal in both sexes. In the hind legs both the femora 
and the tibiae may be normal or somewhat enlarged but the femora are without spines 
although strong hairs may be present; tarsus I has a strong spine at the tip and there 
is one very long claw (equalling the fifth tarsal segment in length) with a basal spine. 
In the male all the claws are equal and simple and no empodlum is present in either sex. 
In both sexes the combined length of the femoi% and tibiae appears diSpn^ortlon^ely 

*Bldwards (1926) suggeets that the name Sc^SIsoSefea has 
Keference to the pagination etted abdve dearly iivSkiateS tfits 1^ M iMtvnnswa ^ 
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long in relation to the taraal length and the first hind tarsal segment may be slightly 
curved at the base. At most there are a few macrotrlchia at the wing tip and the micro- 
trichia are very fine and can only be discerned at high magnifications* The costa 
extends well beyond the middle of the wing and of the two radial cells the second is 
often distinctly longer than the first. The median fork is petiolate and Mj. continuous 
without any basal interruption. 

In the two species of which I have examined males there are certain common 
features In the genitalia. The ninth terglte is broad, even apically, with the distal 
margin broadly indented and there are two small hairy lobes on the inner surface. The 
phallosome is complicated by an accessory chltinlzed structure lying between it and the 
harpes. Whether these characters are typical of the genus as a whole remains to be 
determined although the phallosome of M. antipodalis, as flguied by Ingram and Macfie 
(1931), appears to be simple. 


Tabi.k 1. 

VarUtu$ Measure tthenU »f Sperm of StilotwKrla anrf 
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Key to Auettniasimi ‘Sptc^» of Monohel«A. 

1. Wines ornamented With dark spotting nahecuiosct Hacfle 

Wings not ornamented 2 

2. Wing length only about 1*0 mm., small species tiyrinu* (Sk.) 

Wing length about 2*0 mm. or more, larger species Z 

3. FiVst hind tarsal segment with strong spine at base only ionnoiri Macfte 

First hind tarsal segment with strong spines at both base and apex but none at centre . . 4 
First hind tarsal segment with strong spines at base, middle and apex 6 

i. Legs uniformly brown tdstnantonsis^ ,n. sp. 

Ijegs with dark bands apically on hind tibiae & 

5. licss robust species, with dark band on hind femur cK'cupying distal third . . /crrwpitteo Macfle 
Very robust species, with dark band on hind femur only occupying distal fifth ; very strong 

series of nine spines at apex of hind tibia ftrevipes, n. sp^ 

6. Dark band on hind femur extending to apex o^av^pea Macfie 

Dark band on hind femur not reaching apex antipodalia I. & M. 


M0I«0HKhKA NT 7 BKOULOSA Macfle. 

Macfik, J, W. S., 1332. — Ann. Trop. Med. and Paraait., 26 : 46. 

Type: 9 type in British Museum (Natural History). 

Type Locality : I^kc Brunner, New Zealand. 

Monohelka tonnoiki Macfle. • 

Macfib, J. W. S., 1932. — Ann. Trop. Med. and Paraait., 26: 46. 

Type : 9 type in British Museum (Natural History), 

Type Locality: Nelson. New Zealand. 

Monohelka olavipes Macfie. 

Maokib, j. W. H., 1982. — Ann. Trop. Med. and Paraait., 26 ; 48. 

Type: 9 type In British Museum (Natural History). 

Type Locality: Dun Mt., New Zealand. 

Monohelka ferkhuinea Macfie. 

Mackib^ j. W. S., 1932.— Ann. Trop. Med. and Paraait., 26: 49. 

Type : 9 type In British Museum (Natural History). 

Type Locality : Waiho, New Zealand. 

Monohelka anttpopaltb Ingram and Macfie. 

Tnoram, a., and Magfiib., J. W. 8., 1931. — Ann. Trop. Med. and Paraait., 26; 206. 

Macfih/.T. W, S., 1932.— Ann. Trop. Med. and Paraait., 26: 44 (in key). 

7*ypea: Type cfcf in British Museum (Natural History). 

Type. Locality: Ohakune, New Zealand. 

Monohelka TioRiNUs (Skuae). 

SxusB, F, A., 18K9. — Pnoc. DiNN. Soc. N.S.W., 4 (2nd series) : 306 (Ceratopogon). 

KirTfer, j. j., 1917. — Ann. Mua. Nat. Hung., 16: 191 {SUlobesmtia). 

Type : Holotype 9 in Macleay Museum, University of Sydney. 

Type Locality : Berowra, New South Wales. 

Synonymy : Ceratopoffon tiyrinua, Skuse 1889, loc. clt. Ueratolophna tigrinti.a, Kleffer, J, J., 
1906. C^hlronomidae in Wytsraan'e Genera Inseetorum, fasc, 42: 61. 8tilobex»ia tigrinua, 
Kieffer 1917, loc. clt. 

Note : Kkuse’s type (mounted in gum on a card) was not satisfactory for critical examination 
so the specimen was soaked off in water and remounted in euparal. Bufllcient can now be 
seen to place this species, at least tentatively, in the genus Uonohelea and there should be little 
difficulty in recognising this species when It is taken again in the field even though complete 
redescription Is not possible. 

PISTXNCITVK CHARAOTKRB. 

The Bmall uize of this species la alone sufllclent to dltferentlate it from any of the 
other known species of Monohelea in the region. The various measurenients are given 
in Tablet. 

The relevant part of the original description, concemlpg characters which ckn no 
longer be dietinguished in Uie type, afe as follows: Antennae, clypeus and palpi black. 
Thorax brown^ dull, with two longitudinal stripes and three Irregular lateral spots of 
oohreous; sparingly covered with short brown hairs; pleurae^ pectus, and saetanOtum 
dark brown; scuteilum light brown. Hatteres tn^own^ Abdomen short, rot^sti dngky 
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brown, clothed with brown hairs. Legs brown, tips of temoi^a nnd tarsi yellowish : 
posterior tibiae incrassated. In fore legs tibia somewhat more than twice length of 
metatarsus. . , /* 

In addition to these characters the following can be seen in the mounted type. The 
antennal segments are subcylindrical with the apical five only a little longer than the 
preceding ones and there appears to be a long spine arising from the Irons. The 
segments of the palpi are as illustrated in Text-flg, 18. The hind tibia is over twice the 
length of tarsus I and the tarsal ratio is 2‘0. In addition the hind first tarsus bears a basal 
spine and the segment is rather bent at the base. There are spines at the apex of the 
hind tibia and the claws are all rather long, equal on the anterior four legs but single on 
the posterior legs (whether or not there is a basal spine cannot be discerned). On the 
wings the first radial cell is two-thirds the length of the second radial cell (see Plate xxii, 
fig. 7). 

button ; This species Is still only known from the type localltj'. 

MoNOHELEA TASMAN lENSlH, U. Sp. 

Types: Holotype $, allotype d" together with one ? and on© d paratypes In the C.S.l.H. 
Museum. 

Type Locality: Cradle Valley, Tasmania (A. Tonnolr, lfi.i.1923). All type specimens with 
Ham© collection data. 


PI STlNtm VE CH A«AC’TKIt 8. 

This species must be extremely close to Af. fonnoirt. Apart from the slight differences 
in the measurements of antennal segments, the only obvious character which may serve 
to distinguish the two is the presence of a spine at the distal end of tarsus 1 In 
Af. /04fw.anien«i« instead of only a basal one as in M. tonmiri. The discovery of the 
male of the latter species would probably make it possible to establish the relationship 
of the two species. 


pKHcniPTiON, (See Table 1 for measurements.) 

FevtmU. 

Head: The head is greyish dorsally with dark brown bristles; the eyes are just 
separated with a long, strong, fine spine arising on the frons and projecting down 
between the bases of the antennae (see Text-fig. 19). The latter are dark brown, the 
first eight fiagellar segments are short and oval, the last five elongated and cylindrical. 
The segments of the palpi are cylindrical, the third being about twice as long as the 
second and a little longer than the fourth and fifth. 

Thorax: The scutum is dark brown with a greyish pubescence, lighter brown at the 
anterior corners with a sparse covering of long brown hairs which are longest at the 
lateral margins and in front of the scutellum. The humeral pits are well developed^ 
The scutellum is brown at the centre and light brown laterally with about four long 
border bristles on each aide and a scattering of short hairs. The postnotum is dark 
with greyish pubescence, the halteres are yellowish-white and the pleura similar to the 
scutum. 

Legs: The legs have the mid and hind coxae similar in colour to the pleura btit the 
fore coxae are yellowish-brown; the rest of the legs are yellowish-brown. The hind 
femora are somewhat swollen, with some long hairs but no spines and the hind tibiae 
are similarly clothed but with a row of about six spine-like hairs, and tjbere is also a 
comb of five strong spines (two of which are longer than the other three) at the apex. 
There Is a stout spine at both the base and the apex of the first tarsal se^ent Uf alt the 
legs, the fourth tarsal segment is subcylindrical, the fifth is unarmed and the-iblawB of 
the anterior four legs are equal and small, but those of the hind are 
single and with a basal tooth (see TexMlgs. and 21 for illustrator of fo^>^ 
and hind leg). 

Wings: The wings (Plate xxil, fig. 5) have very fine mict;otrlohla, oit^ 
high magntficatlons and a few macrotrlchia the 
extends to about two-thtrds of the wing length, 



smitUf the second larger and blont>ended. The Intercalary fork is Indistinct, the media 
is petiolate and the alula bare. There U a row of prominent short spines along the basal 
portion of the radius. 

Abdomen: The abdomen is dark brown and clothed with brown. hairs. 


Male. 

This sex Is similar in most respects to the female but the antennae have dense dark 
brown verticels on segments and there is a ring of about six long strong hairs at 
the bases of segments 12 to 14 and 15 ends in a short, strong hair but no stylet is 
apparent. The eyes are a little more widely separated but the same long frontal spine 
is present. The legs are slightly darker, the fore coxae are not so distinctly paler than 
the mid and hind coxae which are themselves a little lighter than the pleura. All the 
tarsal claws are equal and simple (TexMlg. 22). 

Oenitalia: The genitalia ai*e illustrated In Text-fig. 23. It seems likely that the 
phallosome, and in particular the accessory portion lying between it and the harpes, 
will provide useful diagnostic characters. 

Dhtrihntion \ Apart from the type locality 1 have seen a sipecimen of this species from 
.Striihan, Tasmania <(i.liJ928. A. Tonnolr), 

Monoiielka wrkvjpkk, n. sp. 

Type : Ilolotype cf in the C.S.l.K. Museum. 

Type Locality: Katanning, Western Australia (K. R. Norris, 8.vUl.tft37). 

DlHTtiNCrrVE CHAKACTEKS. 

A large, robust species with uniformly dark body and strong hairy brown legs in 
which the hind femur is moderately swollen, the hind tibia is strong and four times as 
long as the first tarsal segment and terminating in nine strong black spines. The bind 
tarsi appear reduced in size In relation to the femora and tibiae and the legs are 
uniformly dark brown except for the basal four-fifths of the hind tibiae, which are 
lighter brown. 


iib:sckiftion. (See Table 1 for measurements.) 

Malt, 

Head: The head is very dark brown, covered with a grey bloom and sparse black 
hairs and a single long, strong hair projecting from the frons between the pedicels. The 
antennae are dark brown with almost black dense plumes on segments 3 to 11. The 
palpi are slender, the segments cylindrical and segments 3 to 5 are subequal. 

Thorax: This is dark brown with a greyish bloom on scutum and pleura. The 
scutellum is lighter brown on its underside and the halteres are brown-stemmed with 
light yellow-brown knobs. Prominent humeral pits are present. 

Leg^t: The coxae are shining brown, the rest of the legs are generally hairy with very 
long hairs on the femora and tibiae. Tarsus I of the forelegs (see Text-fig. 16) has a 
Single stout spine at both base and apex and a similar spine at the apex of the second 
segment. Segment 4 is cylindrical and 5 is slightly curved. The femora of the hind 
lags are stout and the tibiae elongate and terminating with a comb of nine stout black 
spines, of which there are five on one side and four on the other. Both the femora and 
tibiae are hairy and some of the hairs are exceptionally long. The former are dark 
brown» as is also the apical fifth of the tibiae, the rest being lighter brown. The first 
tarsal segment la very slightly curved, narrowest Just before the apex and with stout 
basal and apical spines. It is only one-fourth the length of the tibia and a little less than 
twice that of the second tarsal segment. The fourth is cylindrical and the fifth longer 
and curved. (The hind legs are illustmied in Text^g. 16.) The claws of all legs are 
efiuaU aiinple an4 small. 

Wing 9 : In the wings (see Plate xxli, fig. 6) the second radial cell is about twice 
the length of the flrot, r-m is oblique and a little shorter than the petiole of the media. 
The base of Cd, arises Just slightiy anterior to the median fork. Thei’e are a very few 
the anterior margin beyond the termination of C and mlci*otrichla 

are only 
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Abdomen: This is similar in oolour to the thorax, clothed with sparse but prominent 
hairs and In length it Is about twice that of the thorax. 

Genitalia (Text-flg. 17) : The phallosome is strongly recurved at the tip and there ts 
a complex accessory structure between It and the harpes and the latter are strongly 
ehitinized with an unequally bldentate apex. 

Distribution : Only known from the type locality. 

Genus Acanthojiklka Kleflfer. 

Kikfvibk, J. J., 1917. — Aun. Nat. Hung., 15 t 198. 

Oenotgpe Cby monotypy) : A. pruinosa Kicffer, Iw*. cU. 

Gkneric Chabactkhs. 

This genus belongs to the Stilohezzia group of genera and may be recognized by the 
presence of mlcrotrlchla on the wings, the petlolate median stem, both radial cells open, 
bllobed fourth tarsus on all legs and all femora and tibiae splnose. 

ACANTiionKLKA PRUiNOHA Kleffer. 

KiaFFER, .1. 1917. — Ann. Nat. A/oa. Hung., 16: 198. 

Type: Type cT presumably In National Nluaeum of Hungary, BudapCHt. 

Type Locality : Hydney, New South Wales. 

TranHlaiion of Original DeHvription, 

HeddlMh yellow, dull and prufnose. Head seen from before circular. Mouthparts 
hrownlHh-black, slender and long, longer than the height of the head. Eyes glabrous, confluent 
at the vertex. I^alpl black, very long, 5-«egment©d, of which the third Is a little longer than 
the fifth, not enlarged, fourth distinctly shorter than the fifth, the latter without long hairs. 
Antennae t5-Begmented, plum© golden yellow, reaching segment 14, scape reddish-brown, 
segments 3-12 yellow, 13-16 brownish black, segments 4-12 cylindrical, distinctly longer than 
wide, the three last segments are elongated, fUlform, each three times as long as 12, 13 and 14 
have a long vertlce! at their base. Thorax higher than long, convex, without spinule in front, 
glabrous, save several hairs on the scutellum and on the sides of the mcsonotum. Halteres 
hrown, extremity of the club whitish. Wings subbyallne. lobed, glabrous, with two indistinct 
brownish spots, one on r-m, the other at the beginning of the anterior branch of the intercalary 
fork, the latter distinct but finer than the other veins, R 4 ^,r reaching the distal third of the wing, 
not exceeded by the costa, twice as long as R,, Us l>a«e very oblique and shorter than r-m, base 
of CUj under r-m, continuing the direction of the stem, CUj very oblique, anal not bifurcated. 
Legs brownish-black, not enlarged, the two anterior reddish-yellow, segments I-III of all the 
tarsi whitish, fourth and fifth black : posterior legs a little larger and longer than the anterior 
four, all the femora are armed with short spines, not only on their ventral part, but on all their 
periphery, tibiae with similar spines but longer and sparser, tarsi distinctly longer than the 
tibiae, posterior first tarsi as long as the two following segments together, third segment more 
that* three times as long as wide, anterior first tarsus longer than the two following segments 
together, fourth segments of all the tarsi transverse, cordlform, prolonged In two lobes below, 
fifth slender, at least as long as the third, curved and inermous: claws of moderate length, 
equalling one- third of the segment, equal and simple. AMomen brownish -black, a little clearer 
dorsally at the front, feebly haired, one-half longer than the rest of the body, very much narrower 
than the thorax, subcylindrlcal ; hypopygium large, wider than the abdomen, terminal sogmenis 
very slender. Length 3 B mm.” ‘ 

This species has not since been taken in the Sydney district, but there should be 
little difficulty in recognizing it from the spinose femora and tibiae. It should be noted 
that Macfie (1640). in his key to the ^Hlobezzia group, presumes In couplet 2 that the 
claws of the female are similar to those of milabezzia. Since the female of the genotype, 
A. pruinom, is not known, this presumption Is scaroely Justified and the use of this 
key for the recognition at Aeanthohalmi may prove misleading. 

Haferencea, 

See Fart 1 of this series for any references to literature not cited In full In the text. 

EXPLANATION or PLATE XXU, 

Figs. 1^7. Wings of various species of BtUabezzia and Marwhslea. All x 23, L S, piatipm 
(female specimen from Northwood). 2. S. gmitatia (male specimen from Cradle V<Mley>- 
S. g. /Rjtroj^neis (holotype). 4. B, tAemaRteitafe (paratype female). 5. ilf. lAehianiettyif 
(hototype). 6. Af. hrempes (holotype), 7, Jlf. tlgrlntis (holotype). 
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SIMULII0AE (DIPTERA. NBMATOCERA) FROM NEW GUINEA, WITH THE 
DESCRIPTION OF ONE NEW SPECIES. 

By R. H. Whakton, B.Sc., Department of Zoology, University of Sydney. 

(Twenty-three Text-figures.) 

[Head 26th November, 1947.3 


Lvtrouictiox. 

Three species of Simuliidae have been described from New Guinea, all by Epderleln 
(1922, 1936), from specimens collected by Biro in 1898 and 1900. Each species was 
assigned to a different genus by Endevleln, but Smart (1946) Included all three In the 
genus Simulium Latreille. One of these species may now be regarded as a synonym 
of S, ornaHpe 9 Skuse, a species known to be widely distributed in Australia, and here 
recorded for the first time from New Guinea. A new species of JSimulium is described, 
found breeding with S. ornatipen at Port Moresby. No adults of either species were 
collected but were obtained from pupae kept on moist cot ton- wool.* Also included arc 
translations of the original descriptions of Enderlehrs two species and an attempt is 
made to clarify their systematic position. 

SlMCMl M OKSATIPKS SkUSC, 

SKU8B. F. A., 1890.-~1*hoc, Linn. Soc. N.S.W.. (2) f» : 622. 

ToNNom, A. L., 192 G.— BhU. cnt Rea., 35: 232. 

DituMMONO, P. H., 1931.““t/. /?. Soc. W. Auat., IS : 0. 

Synonymy ; Chelocnotha biroi Endorleln, U., 3 936. naturf. Freundc, 1936: 121. 

Male and female typew placed in either Budapest or Berlin Museum. 

Type Locality ; Specimens stated to come from Sydney, Australia, 24.11,1900 (see discussion 
below), collected by L. Biro. 

Types; Although Tonnoir (1925) re-examined Skuse's ayniype series and selected a leototype 
male and allotype female, only the female Is labelled as such. These specimens arc lodged in 
the Australian Museum. Sydney. 

Type Locality ; Darling River, New South Wales. 

A revision of the specimens used by Skuse has been carried out by Tonnoir and 
the Immature stages described by Drummond from Western Australian material. 
Enderleln created a new genus, Ohelocnetha, with genotype C, Mroi for specimens, 
stated to be from New Guinea In the description of the genus, and from Sydney, 
Australia, In the description of the species, and without reference to the original 
material it is impossible to say from which of these places the specimens actually 
came, as the collector visited both regions. Smart (1946) transferred this species to 
the genus iSiwaBwm, and now, after examining Enderleln’s original description, It is 
obvious that 8 . bird is a synonym of 8. ornatipea. Fortunately, any confusion which 
could have arisen from Enderlein’s geographic error can now be obviated, as the species 
is known to occur in both places. 

: Specimens have been colle«H©d in Western Auslratia, South Australia. New 
South Wales, and Ciueensland. Port Moresby, New Uulneti and Wharit>ii, June, 1947), 1 h 

a new record, larvae and pupae being found attached to the under surl’ac'c of Htoncs in a Hniali. 
fairly rapidly moving stream about 30 feet above sea-level. 

• The pupae, which were collected on the 6th July, 1947, during the morning, were 
immediately placed on moist cotton wool in atnail tiria, No adults had emerged by the 
foUawhig day, when the tins were transported by nlr from Port ^oreaby to Sydney, New 
^South WaJee*. When the tins were opened on the 9th July, several adults had emerged and 
dtSd. The pupae were then kept at a fairly constant temperature {75"F.). Fun her adults 
during the following two ddys. 
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SiMvuDM OCOI.ATA (EiKlerlelu ) . 

EMDttHLfiiN, O., 19S6. — S^itfbcn <?«s. naturf, Frountf-A, 1986: 121. (PaetapAooAJr ooulata.) 

Smakt, J., Trans. R. cnt Hoc. Ron4., 95: 493. 

Bif7ionyiny : PselaphochU' ocutatUs Emlerldifn, 1936. (Smart, Iti the wittIcI lint of SlmuUidae, 
rogardH Pselaphochir as synonymous with SirnuUnm.) 

Types : Presumably the male and female type speelmens arc In cither the Budapest or 
Berlin Museum, 

Type J4<H)niUy : SattleburKi Huon Uulf, New Oulnea. 

lUBTINCTlVE OUAKACTKHH. 

The description of this species is quite inadequate, but the most obvious characters 
which may he of use in identification are the unusually large upper facets in the male 
eye, the shape and relative length of the hind tibiae and first tarsi In both sexes, 
the absence of claws, and the absence of bright scales or hairs on the second abdominal 
tergite. No mention is made of any pale area on the first hind tarsi, a character 
which Is of importance in the remaining New- Guinea species. 

The translation of Enderlein’s original generic and specific descriptions is: 

‘^Pselaphovhir, n. gen.’* 

“Tppe : P. oculata, n. sp. New' Guinea..*’ 

and Female : Female clawa toothless. Metatarsus of hind leg of itmJe fattened and 
fusiforinly hroadcncfl. First and third hind tursl in male and female with two extraordinarily 
long hairs arising on the outer surface at the apex, each hair as long or longer than the smind 
tarsus. Macrornmal ium (upper area of the eye) of the male with iinuHually large facets, 
diameter of which I.s aomewhai greater than the rliameter of the antennal flagella segments. 
On the median line between the eyes of the male, a longitudinal row of long hairs. ' 

'‘H and pubescent. RR (probably Rs) with very short pubescence, In the female Sc Is 

also pubescent,*' 

"The genus Morops (Kinder), 1930) (lype -U. pppmaea Knderl. 1922, N.G.) is cIohc to this 
genus, but differs In the small parallel-lIke metatarsus of the hind leg of the male and In the 
sharp angle at the end of the second-third of the hind tibia. The two remarkably long hairs 
at the tip of the first and the third fore tarsi occur also In the same way in ^^ 07 'opsP 

''Pselaphoehir ovnlata, n. sp." 

'^Female. r 

‘^Ifead : Black with light grey bloom and short, metallic-yellow pubescence, Frons about one 
and a half times as long as U is broad posteriorly, and about three times as long as It is broad 
anteriorly." 

“Thorew : Dull black, with golden-yellow pubescence, parlirularly on the top. Abdowen : 
Dull brown, the base slightly brighter in colour. The last three segments black and rather 
smooth ; pubescence yellowish, slightly so on the top but denser on the sides ; halteres metallic 
yellow, stem dark brow'ii. heps : Browm. base of hind tlbta more or less bright yellow on the 
outside; first hind tarsus about four-fifths of the tibia, and about two-thirds of Its width. 

: Clear, velnn brownish-yellow. Costa brown," 

"Afa/e. 

"Body brown, abdomen dark brown. Meaonotum with dense Koldon-yellow halre. Posterior 
margin of the tergltes brighter (preeumably than the female). Hind (posterior) bristles of the 
first tergiio yellow’-brown, Degs brown, tip of the femora, basal half of the tibiae with pal A 
yellowish, flat-lying pube«cen<’e. Basal half of hind tibia pale yellowish. Halteres vivid 
metallic yellow, stem brown." 

"BiKly Length: Male, 2-25 mm.; Female, 1-76-2*25 mm. Wing Length: 2-6-2-76 mm," 

"N.O, (Sattleburg, Huon Gulf), Nov.. 1»»8. Male and Female. L. Biro." 

**Tppe Museum^Budapest and Berlin." 

msfrihutAoji: Sattleburg, Huon Gulf, New <3lulnea. This species has not yet been 
retliscovered, 

SiMtTbxirM wilhelmlandak Smart 

Smakt. J.'. 1944,— Pfoc. h\ Byit. fioc. Load., <B) 13 : 182, 

Knukhubin, (i,, 1922. — Ko7iowia, X: 70. (Wtthemia pypwaea,) 

Hpuonpfnp: Wilhemia pppmaea. Bnderleln, 1922. 

Aforops Enderlein, 1930. Arch, felaaai/. 1: 93, (The name 

(aitfiae was given to this species by Smart in 1944 when he transferred it to «4wk?fi*Wp in 
genus pppn^aea Is preoccupfed. > 

Types anti Type LooahtK : No record of where the type male, collected in Ghtinea^ 

Kaiser Wilholmland", is lodged. If still tp exietence k U in either the dr 

Berlin Museum. . , - /■ ■; 'r -V' ■ 
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lUHtlNOTIVK CUARACTKK8. 

Though the deNCfiption» based on a stugle male Bpeclmen, ie not complete, this 
speeles should be easily recognised. The bright brown-yellow antennae and the bright 
ochreous yellow flrst two abdominal tergites are sufficient to separate this form from 
known New Guinea or Australian species. It should be noted that the first hind tarsi 
are mainly yellow. 

The translation of Enderlein^s original description follows: 

pvamaett, n. sp/' 

**New Guinea, Kaiser Wilhelmland. One male collected by Boll song. *’ 

*'JlfaIc. Kye« reddlah-biack. (.nypeus Rrey-blaok with yel|owiiiih outatanding pubescence. 
i’aUn black. Antennae bright brown-yellow." 

"iraoraap ; X>ull, brown-black, nie»t>noturn with aparae yellow pubcacenco and with trH<'eR of 
smoothness In the middle (probably a rubbed specimen!). Scutellum dark brown. Metanotum 
dull black. Abdomen: Dull black, slightly smooth above on the sides; puboscenec sparse and 
Very short. First and seeond tergites bright yellow wbre, the long hairs of the first tergite also 
bright yellow oc^bre. Hulletett large, vivid rust-yellow\” 

**Leff8 : CoxAe grey-brown, fore coxae brown yellow. Trochanter brown-yellowish. Femora 
dark brown, the hind femur flattened and broadly spindle-shaped. Tibiae dark brown, basal 
fifth bright yellow’ ochre ; fore tibia a very little flattened and broadened, the remainder consider- 
ably flattened and broadened, the hind tibia in such a way that a pronounced, almost slightly 
angular, convexity Is formed on the outer margin of the basal half. Tarsi dark brown, the llrst 
hind tarsi except for the apical third bright yellow ochre, and with strikingly long and thin, 
single, outstanding hairs which may be three times as long as the crowH-scelion of the tarsi. 
First fore tarsus cylindrical, about four-flfihs of the length of the tibia ; first hind tarsus smull. 
parallel, very slightly flattened and broadened, less than half the breadth of the tibia at the 
broadest part, and about ihree-tiuarlerH of the length of the tibia." 
untwlhed — short and fine." 

clear, veins C, tic, and H lirlght yellow-browm." 

"Body length; 1-2 mm. Wing length: l-.*! mm," 

Distribution : Merely recorded from Now^ Guinea, Kaiser Wilhelmland. This spc'cles has not 
lis yet been rediscovered. 


SiMt UCM r.\id : k.\’«is, n. sp. 

Types: Pinned h<jlotype female and allotype male, together with <ino pinned female para« 
type in the Macleay Museum, Ifnlversity of Sydney. Morphoiype larva and pupa, mounted on 
slides, larval and pupal specimens in alcohol, and one femaJe and two male paratypes mounted 
on slides, also in the MacU^ay Museum. One female and one male parHtyv»e, pupae and larvae. 
In the Queensland Institute of Medical Hesearch. 

Type LooaHtt/: .lackson Strip, Port Moresby, New Guinea (Lee aiid Wharton, .Tune, 194 7,) 

PIKTINCTIVK CHAUACTKKfl. 

This species belongs to an Australasian group of the genus SiviuUum characterised 
particularly by the presence of a patch of scales on the membranous (prealar) area 
behind the mesothoracic spiracle. Characters which distinguish papuen.\iH from 
Australian members of the group are: <i) Adult: The antennae mainly dark; the 
hind tibia sUghtly angulaled In both sexes, but more accentuated In the male; abdomen 
with dense silver (sometimes appearing light golden) scales on the posterior margin 
of the first, and complete covering of similar scales on the second terglte; and the 
tarsal claws with a small basal tooth in both males and females. (11) Pupa: The 
dendroid respiratory organs. (lii) Larvae: The frontoclypeus with longitudinal 
pigmented dark band: the pupal gill spots; and each lobe of the anal gills with several 
Ung^like processes. 

WCSCRiniON. 

Fsfttdle. length 2-0“3‘3 mm. Wing 2 mm. 

Ifdod: The troria, vertex and occiput are dull black and covered with a silver-grey 
imbesciHabe, the frons between one-quarter and one^third of the maximum width of the 
head, ii^d about one and a half times as long as wide. The antennae (Text-fig. 1) are 
^mpdsed of eleven gogm of which the basal two and the base of the third are 
l^t brown to black with a fine grey pubescence. 

^ the bfisal two small, the third large, slightly 
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less than twice as long as wide* the fourth not as broad as the third and a tittle 
shorter, the fifth longer than the third, but comparatirely slender* more than four 
times as long as broad (TexMlg. 2). The buccal armature is similar to that hgured 
for the male (Text-fig. 9), 

Thorax \ The mesonotum Is black, with scattered fine golden scales. The pleura 
are bare and dull black, except for a patch of light golden scales on the membranous 
(prealar) area behind the mesothoracic spiracle, a group of sixnilar scales on the 
propleuron, and a small group of bristles, which are dark at the roots but may appear 
pale dls tally, on the upper meseptmeroH. The scutellum has a row of long, black 
bristles along its posterior margin and scattered golden scales on Its dorsal surface. 
The halteres have dark brown to black stems and cream knobs. 

Legs (Text-figs. 4 and 6): The legs are mainly dark brown to black, but In all 
legs the tibiae are light brown basally and the first hind tarsi have a very broad, 
light brown, median band, leaving only narrow apical and basal dark brown bands. 

Most of the hairs on the legs are short and dark brown, but on the outer surface 
of the hind tibia there is a basal zone of dense light (usually golden) hairs. In 
addition, numerous spindle-shaped striated scales (Text-fig. 7) are to be found on the 
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femora r tibiae and sometimes on the first tax-si. Finally, on the foi-e and hind tarsi 
there are a number of extremely elongated hairs — an apical pair on the anterior 
surface of the first and third fore tarsi, a single hair towards the apex of the first 
hind tarsus and a pair towards the apex of the third hind tarsal segments, the hairs 
on the hind tarsi not as long as those on the fore tarsi. 

The hind tibiae are slightly angulated and a pair of stout spurs are present at 
the apex of all tibiae. In the hind leg the calclpalus (Text-fig. 5) is well developed, 
about three-quarters of the width of the first hind tarsus, but wider than the second. 
The pedl sulcus is also pronounced.* The tarsal claws bear a small basal tooth 
(Text-fig. 6). 

The relative lengths of the legs and leg segments are shown in the following table; 


i 

i Fyi'C-leg, 

1 min. 

Mkldcx, 

mm. 

Uiud-leg, 

nttn. 

Tohii 

2 02 

1 '8:t 

2'iiO 

Coxfl 

0 2.'i 

0 ■ 2:i 

0 27 

Troclmiitrr 

0 • 14 

0 10 

0 10 

Ff*niur 

0 4r» 

0-47 

0 .“iT 

TUiia 

0-50 

0 45 

0 M 

Tnwiw 1 . . 

o-;j2 

0 25 

0 50 

Tar«UH 11 

014 

1 0*01) 

0 08 

TjiroiiH Ul 

0 10 

O' 00 

O'fKi 

Tawm* IV 

O' 05 

O' 0.5 

0 or> 

TnixitH V 

0 07 

0*07 

0 1)7 


Thus the hind tibia Is slightly shorter than the femur but a little longer than 
the corresponding first tarsal segment. 

Wings (Text-fig. 8): At the base of the wing the veins are rather dark, the 
membrane slightly clouded, and the small basal cellf is absent. Macrotrichia are 
present on the upper surface of the basal section of the radius, continued along Ri, 
but here, in addition, there are a number of peg-1 Ike setae, similar to those found on 
the costa, Macrotrichia arc absent on the upper surface of R« except at the junction 
with the costa, but present on the undersurface of R«. is sinuous. 

Abdomen: The most striking features are the dense silver scales on the posterior 
margin of the first tergite and the complete covering of similar scales on the second 
terglte. The remaining tergitee have silver scales over a dense black pubescence. 
From an obstructed view of the ventral surface it appears likely that there again the 
black pubescence predominates with scattered silver scales present, particularly 
abundant on the sides of the second and third segments. The colour of the scales 
on the abdomen changes with the direction and Intensity of the light and they may 
appear light golden. 

Afale. Length mm. Wing 2 mm. 

ffead: The clypeus la dull black with scattered silver-grey pubescence, the antennae 
and palpi are as In the female. The upper facets of the eye are extremely large, as 
large as the antennal sclerit,e, and with a diameter gi-eater than that of the basal 
antennal segments (Text-fig. 8). Between the eyes there is a row of fairly strong 
hairs. The bucco-pharyngeai armature is as figux-ed (Text-fig. 9). 

* The calclpalus i» an apical extension on the inner side of the first hind tarsus, and the 
pedisulcus a notch on the dorsal side of the second hind tarsal segment. 

t In certain Stmamd genera, e.g., ProsiwwHum and Cmphia, a distinct small cell Is present 
At the base of M, Mg,* and CUj. 

t Following the notation used for the Netnatoceta by Tillyard (lfl27), but equivalent to Cu, 
bf Stnart, Bldwarda and others. 

\;.m ■ 
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HIMITMIDAIC (diptkra, t?ematoobka) bkom new uthnka, 


Thorao’: The arrangement of the scalea, hairs and bristles on the mesonolum, 
scutellum and pleurae are as in the female, but the upper meseplmeral bristles appear 
more golden and are never completely dark* 

The wings and halteres are similar to those of the female. 

Legs: The main point of difference between the male and female legs lies in the 
much more angular hind tibia (Text-flg. 10) of the male. The fore tibia is again 
slightly longer than its corresponding femur and the tarsal claws hear a basal tooth. 



Text "figs. 8-13. — jSfwjwhwm n. Bp. Male. 8, Head, dorsal view, x 60. 9, Bucco- 

pharyngeal armature, x 300. TO, Hindleg, x 70. 11-13, Genitalia, x 300. 11, Coxite and style. 
12, Ventral plate, ventral view. 13, Ventral plate, lateral view. 


Abdo7rt.en: The dense scales on the first two abdominal tergltes and the scattered 
similar scales over a dense black pubescence on the remaining tergltes are more golden 
than In the female. 

GenitaHa: (Text-figs. 11, 12 and 13.) The style (clasper) is shorter than the coxite 
(Bidepiece), about five times as long as broad and bearing a single short spine at the 
tip. The ventral plate (aedeagus, adminiculum) appears to be simple, with well- 
developed basal arms. 

Pupa. Length about 8 mm., light brown in colour. 

On each side of the mid-line of the thoracic notum there is a longitudinal line 
of three (in one specimen, two) fairly stout hairs, and behind the base of the pupal 
gills there are two hairs on each side, again arranged longitudinally. The respiratory 
organs (pupal horns) are composed of some thirty to forty rather rigid, fine filamente 
arising from five or six main trunks (Text-fig. 14). These main trunks are about equal 



BY K. H. WHARTON. 


363 


In Blase, each trunk branching several times, the whole organ having a shrub-like 
appe^^rance. 

On the abdomen there are a number of spines carried on the apical margins of the 
segments, both on the dorsal and ventral surface. On each side of the mid-dorsal line 
(Text-flg. 16) there is a row of four short, stout spines on the third and fourth 
segments and a row of 8-10 much finer spines on the sixth, seventh and eighth 
segments (these spines are carried on small chltinlzed plates and may appear to arise 
at the base of the segments). Ventrally (Text-flg. 16), on each side of the mid-line, 
there is a pair of unequal fine spines on the fourth segment, a pair of larger bifid 
spines on the fifth segment (in both the fourth and fifth segments the spines closely 
approximated and submedian In position), and two bifid, widely separated spines on 
the sixth and seventh segments. The terminal segment carries a pair of upwardly 
directed stout spines. 



Text-Jlga. 14-16.— yS'mmliKWi papiivnsis, n. sp. Fupa. 14, Hesplratory organ, x 45. 15, 

Abdomen, dorHtU view, x 45. 16, Abdomen, ventral view, x 45. 


Cocoon. 

Unfortunately the cocoons are not in good condition but appear to have a definite 
outline, with a complete flattened ventral surface which is applied to the support. 
There la a wide opening anteriorly, through which the anterior portion of the pupa, 
up to the base of the respiratory organs, protrudes. The texture of the cocoon is 
rather coarse, the individual threads being clearly visible. 

Larva. Length 4-5 mm. General colour, grey. 

Head: (Text-flg. 17.) The frontoclypeus is distinctly marked with a broad dark 
longitudinal baud extending from the posterior margin of the head to beyond the 
level of the bases of the antennae. Along the mid-line two lighter spots are present 
on the band, the remainder of the head capsule showing pigmentation areas as 
Illustrated (Text-figs, 17 and 21). The antennae, which are approximately equal In 
length to the base of the feeding-brushes, are composed of four segments, the joint 
between the first and second segments not complete, The first segment of the 
antenna is foui-fifths of the length of the second, which is slightly shorter than the 
third segment (Text-fig. 18). The feeding-brushes bear about thirty-five long bristles, 
which carry subsidiary minute hairs on the distal half. The mandible (Text-flg. 19) 
has one large and two shorter strongly chltinlzed teeth and a small, blunt, strongly 
chltinlzed projection on its outer surface. From the concave surface of the large 
tooth protrude two fairly large and eight subsidiary teeth which are lightly chitlnlaed. 
Finally, below these, there is a single weakly chltinlzed bifid tooth. The mentnin 
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(Text-fig. 20) has a terminal row ot nine teeth, the central and oulerinost tooth on 
each side (which bears a lateral projection) being the largest. Behind these, on each 
side, there are two teeth, also strongly chltinlzed, followed by three weakly chitlnlsed 
teeth and an oblique row of five stout bristles. Towards the posterior margin, in the 
suhmedian area, there Is a smaller bristle on each side. 



Tej:t-%a. 17-23, — SimuHum pixpuen»i6, n. sp. t»arva. 17* thread, dorsal view* x 8^. li* 
Antenna, x 300. 10, Mandible, x 800. 20, x^ablum* x 200. 21, J^pal giU si^* X 4$. 22, 

gnia, X 70. 23, Anal armature, X 45. 
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Thorax: The pigmentation of the thorax varies, but is always better developed 
on the ventral than on the dorsal surface. The gill spots (Text-flg. 21) of mature 
larvae are fairly large, almost triangular In outline. 

Abdomen: A pair of basal tubercles are present on the ventral surface of the 
last abdominal segment. The anal gills (Text-fig. 22) are trilobed, the outer lobes 
with five to nine and the middle with three to five finger-like processea. The anal 
circlet Is composed of some eighty to one hundred rows of hooks, each row with 
thirteen or fourteen stout bifid hooks. Anal armature as illustrated (Text-flg. 23). 
Biology. 

The larvae and pupae were collected on the undersurface of stones In a email, 
fairly rapidly running stream about thirty feet above sea-level. Together with 
B. pUfyuenHn were found the larvae and pupae of B. ornatipes Skuse. 

Diatribniion : T*ort Morestty and Milne Bay,* Nt^w Guinea. 

Discubsion. 

The group to which I have ascribed S, papuensis has not as yet been defined by 
M. J. and I. M. Mackerras, who will do so in the near future when piibllahlng the 
results of their discoveries in Queensland. These include the finding of two new species, 
closely allied to papnensis and to B. faheyi Taylor (1927), a specie® described from 
material collected in North Queensland. Although Enderlein^s description of 
B. wilhehnlandae and S, ocnlata are quite inadequate, it is apparent that they closely 
resemble B. papuemtu, and it is suggested that they also may belong to the group. 

The pupa of B. papuensiH is the first species in the genus BimuHum to be recorded 
as having dendroid respiratory organs, which have hitherto been used as a generic 
character, typical only of the genera Prosimulium Roubaiid and Cnephia Enderleln. 
With the exception of the pupal respiratory organs, B, papucnsifi is a typical iSiwiMlfMm. 

Kkv to Nkw Gvi.xka Spkojkh of Siml-utm. 

Males and Femalen. 

Although it is not possible to formulate a simple, sound key to the New Guinea 
species an attempt is made below to tabulate the most obvious characters differentiating 
the species. 

t. Femora with exiennive yellow markings, tibiae with median yellow markings 

8. ornatipes Skuse 

Femora completely dark and only the bases of the tibiae with yellowish markings 2 

2, Claws of male and female with a small basal tooth ; first two abdominal tergllcs with dense 
silver scales, (antennae with basal segments light orown, remainder dark i>rown ; hind 
tibia of male distinctly angulate(l, female hind tibia slightly angulated ; first hind tarsus 
with broad median pale band) 8. papuenaUf n. ssp. 

Claws of male simple; first two abdominal tergUes bright yellow m^hre (female unknown, 
antenna© bright brown yellow ; hind tibia angulated ; first hind tarsus except for apical 
third bright yellow ochre) <S. wUMlmlandajs Smart 

Claws of male and female simple; abdomen dull brown, the last three tergUes black and 
mthet* smooth, pubescence yellowish (colour of antennae, shape of hind tibia and 
colour of first hind tarsus not stated) fi. oculata Enderlein 
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* Note : Two females^ collected by 1. M. Mackerras at MUne Bay, New Guinea, in February, 
1943, have been examined and show no eignificant morphological differences from 8, pnpnenais 
apart from being larger (length 3'S mm., wing 3*4 mm., foreleg 2 5 mm., mtdleg 2*3 mm., and 
hlndteg 2*i^ mm). It i* possible that the immature stages or males may show dlfCerencee, but until 
eugh time ns the life history Is known these spectmenii may be considered as g. papuenaia. 



366 


BIACtJUIOAR (0IPTKBA, NEMATOCf^A) FSOK NEW OtTINEA. 


Hbtbiu&noss. 

Davih, CoNHrrr. and Le», D. J., 1944. — The Type Concept In Taxonomy, Aunt, J, of Science, 
7: 16-19. 

Edwards, F. W., 1931, — Diptera of Patagonia and South Chile, Part 11. Brit. Mu«. (Nat. Hi«t.), 
T^ond., 121-154. 

OiBBlNs, K. G.. 1936, — Uganda SimuUidae. Tiawa. H. ent. 8oc, Lond., 85: 217-242. 

Lanb, J., and Vulcano, M. A., 1943, — A armadura bucal dos SimuUideoa a «eu valor taxondmlco 
fDlptera, Simuliidae). Hew dt' B^Uomologia. 14: 430-440, 

DB Meillok, B., 1930. — On the Ethiopian ^tntullldac. Bull. ent. Rea., 21:185-200. 

Tav0Or, F. II., 1927. — Two new' species of AuHlralian Cullcidae (Diptera) and a note on 
Hinmliutn buncrofti. Taylor, with the dos(?ription of a new species of (Dipt,), 

null ent, Rea., IS : 67-72. 


WAHLENBERGIA LIMENOPHYLAX. 

AN rNINTENTIONAf. (mTIKMJBAPHIC EBROU. 

By N, Lothian, 

Boffinira? Oardem, Adelaide, South Australia, 

I Head 26th November, 1947. J 

In my paper on the Australasian species of Wahlenbergia, published in the 
Proceedings ok the Linnean Sck^iety of New Socth Wai.es, vol. Ixxi, 1946, 233, the 
above species unfortunately appeared under the name W, limnophalyx. This was an 
unintentional orthographic error, for which I alone am responsible, and was due to 
my inability to consult certain notes and the typo material at the time of final checking. 

The correct name of the species is Wahlenbergia limenophylax Lothian, with which 
name the type material has been inscribed. I trust that this alteration wlU be accepted 
under Article 70 of the International Hules of Botanical Nomenclature (1936). 

The natural habitat of this species Is on the tops of sea clHfe and adjoining areas 
at Lord Howe Island. Such cliffs overlook the harbour. The specific epithet In its 
correct form means a harbour watcher, and refers to this habitat. The epithet 
“limnophalyx*' would give one the impression that the plant inhabits swamps or 
marshes, and would be quite misleading, so that correction of my mistake appeared 
necessary. 
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STUDIES IN THE METABOLISM OF NORMAL AND REGENERATING TISSUE 

OF THE EARTHWORM. 

PABT 1. FACTOtttt AFFEOTINa TIIK ENDOGENOUS OXYGEN CONSUMPTION OF NORMAL AND 
ItEaBNERATING MUSCLE TISSUE. 

By B. R. A. O'BttiEN, Department of Anatomy* University of Sydney. 

(Eight Text‘flgures.) 

TRead 24th September, 1947.3 


Introduction. 

The purpose of this Investigation was to establish certain Information related to 
the techniques used for the examination of respiratory mechanisms, functioning through- 
out the processes of tissue repair and reorganization. Experimental work on the 
respiratory activity of annelid tissue has been in most cases to develop the concept of 
Metabolic Gradient elaborated by Child and his school. 

Respiratory activity as a function of segmental level has been Investigated In several 
of the Polychaetes and Ollgochaetes. Hyman and Galegher (1921) obtained a U-shaped 
curve describing the antero-posterior gradient for oxygen consumption (QOit), in two 
forms of JVcrci.v and one species of Lumhricuhiit, the estimation of oxygen being carried 
out according to the Winkler method. Shearer (1924) demonstrated that the anterior 
QOji was approximately twice that of the posterior, using both small pieces of worm and 
acetone powders. Perkins (1929) confirmed the result obtained by Hyman and Galegher, 
in that he obtained a similar gradient curve for Qou in luumhrirn/i and Allolobopfiora. 
In an effort to ascertain whether a I'elation existed betwecm ‘‘growth" metabolism and 
this gradient he estimated the total iodine equivalence, -SH, and total S, but found no 
correspondence with the observed QOa data. Okada (1929) and Kawagutl (1934) obtained 
a U-shaped curve for both Qo, and Qcos in an Ollgochaete Branchiura. 

Maloeuf (1935), using very small pieces of worm In ordei- to eliminate motor 
activity, concluded that no significant difference occurred in the QOj at different levels 
of the earthworm, and that the effect obtained by other workers was due to motor 
activity in the pieces examined. 

In general the work done on the respiratory activity among the Annelida appears 
to demonstrate that a gradient in Qo, exists. Little work has been carried out either 
utilizing manometric techniques or from the viewpoint of the relative response of 
metabolic systems to the growth and organization requirements imposed upon the 
organism following Injury. Hyman (1932), using the Winkler technique, examined the 
Qo, of Nereis virens after injury and in the case of posterior tissue obtained a depres- 
sion in QOa relative to the normal tissue and concluded that posterior tissue following 
injury exhibits a subnormal Qo,. With reference to the development of this project It 
was necessary to consider the possible sources of variation which may arise both within 
the tissue of the organism and In the methods of investigation when comparisons are 
made between experiments differing in design. The following report has been confined 
to the determination of such conditions as appear optimal for the survival and 
metabolism of the tissue during experimental treatment, and to the Investigation of 
the endogenous oxygen consumption of early regeneration tissue. 

Material, 

The organism concerned was a species of earthworm, belonging to the genus 
AUolobophora, The population from which samples were taken was obtained from 
garden soil at Mosman, Sydney. The culture was maintained In glass troughs filled 
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witb damp earth. The worms were fed on crumbed bread and periodically the earth 
was replaced. 

The tissue used was the muscular layer, consisting essentially of circular and 
longitudinal muscle bounded externally by a thin cutlcular layer. 

Methods and Hesults. 

(i) Selection o/ experimental lots. Specimens for expei-imentation were selected 
in the foUowinff manner: The worms when first obtained were segregated into four size 
classes, A^ A, B, and C, defined within certain limits of the total length, and the diameter 
of the post-clitellum region. These limits are indicated in Table 1. 


Oai^H. 

! 

Tablk 1, 

Tftfcal Lcnstl) 
(cm.). 

! 

JHimi, (ctii.). 

j 

1 

vV+ j 

> 14 

>0’4 


ll-U 

0H-.0-4 

B i 

7-10 

0 2-0 25 

C ' 

5'- 7 

01-0 *2 


These dimensions obtained from anaesthetized, relaxed specimens form classes Into 
which worms may be placed at sight with little difficulty. 

Material for experiments was then selected without bias from the respective classes 
consisting mainly of 60 worms, which in turn was selected from a population of 200 or 
260 per group, there being one or more of the latter groups per size class, depending 
upon the number of worms in the entire culture. 

(ii) Preparation of tissue. — The portion of the worm required was cut off, split 
longitudinally, and the viscera, including the nerve cords, carefully scraped away from 
the muscle. The muscle strip was then washed rapidly In two changes of distilled water, 
dried carefully on filter paper and placed on a glass slide over ice. When sufficient 
tissue had been prepared the strips were transferred to a clean dissecting board, cut 
into squares approximately equal In area, thoroughly mixed and transferred as 
equivalent portions to glass slides of known weight The slide plus tissue was weighed 
and the latter transferred to the Warburg vessels, the medium In which was ice-cold. Thus 
the mixed tissue mass from which that required for each exi)erlmental unit was obtained, 
was composed of tissue from several worms, the number dependent on experimental 
requirements. A variation may arise because of the selection of different numbers In 
certain experiments. In view of this the relationship between the number selected 
from a lot and the consistency of the result obtained was examined within the limits of 
the work concerned. Table 2 indicates that the variation between lot 1, 2, 3, of Set I 


TABMC 2. 


Set. 

hot. 

xp./hot 

^ 1 

Xo. 1 

Selected. 

Wt. of Tlwuo, 

ul. 

<)j/oo miu. 


i 

1 

i 

50 

1 

10 

KHi ins. 

i 

! 14 1 

I 

2 

1 60 i 

20 

100 me. 



8 

1 60 

1 

60 

400 m«. 

U'8 


1 

.50 

10 

200 n]g. 

m)'2 

il 

i 2 

! 60 

20 

800 Rig. 

aO‘3 


8 

60 

60 . 

2(M) tog. 

31 8 


t 

60 i 

20 

100 mgi 

14 ■« 

in 

2 


20 ! 

100 mg. 

14 1 


3 

50 

20 

100 mg. 

14-8 
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and Set II is no greater than that between three lots of the same number. Set III. 
Throughout the work the procedure followed has been a selection of 20 worms per lot 
of 60. 

(ill) Meanurement of The oxygen consumption was measured by the standard 
Warburg technique (Warburg, Dixon, Umbrelt), the tissue squares being suspended in 
3 C.C. of an aqueous salt solution. The COg was absorbed by 20% KOH and paper. The 
manometers were shaken at approximately 90 OBclHations per minute in a bath at a 
temperature of 27‘'C. 

(iv) ilfV’rftwm.— The following media for the suspension of the tissue were 
investigated : 


MeOfum. 

XaCI 

(KDl.). 

KCi 

(«»!.). 

! I'ilO), 

MgS()47HiO.| 

i 

(ro*.) 

H,0 

Hhitfri 

(I 8S4 

n02!t 

1 

0 08K \ 


100 

JUnser-PO. . . 

0H«4 

0 028 

0(m8 


100 



0 ON 1 

1 

— 

too 

Kinbs-HoiiKklt . . 

am) 

0 04« 

0 087 j 0 088 


UN> 

Krebs-llcnsklt-^PO. . . . . 

0 noo 

0 040 

«»'087 j O' 088 

! - 

100 

M/JOO PO 4 - dNtilkMl 
vnh.'r 


O fi ml. 

o( M/1.5 PO. bum-r IMT 8 ml. H,() 



The media containing phosphate are made up by adding 0*6 ml. of M/15 PO^-buffer 
to the medium concerned in the respirometer flask. The pH of the media was adjusted 
to 7*6 by addition of N/10 NaOH where required. 

The investigation is recorded in Table 3 and shows little difference between the 
three Ringer solutions and the PO, •buffer solution, whereas both the Krebs-Hensleit 
solutions and the distilled water alone, gave low values for the Qo^, Throughout the 
following work Amphlbian-Ringer-PO* was the medium selected, this being similar In 
freezing point depression to earthworm blood, which has a value “0*45 to -0-51 
(Hellbrunn). 


TAB1.B 8. 



vU. 

W«t Wt. 
TlsHtie. 

Temp. "C. 

III (),;l 

Kinder 

7 6 

200 m«. 

86“ C 

44 ‘7 

RJnguT-PO* 

ff 



43*1 

Amphlbhin-'HInger-PO* 

»» 



40*6 

Kmb«“Moi>8l<?lt 

7* 

M 


80-0 

Krebe*Hemil«it~PO, 



11 

27 •« 

PO, buffer (M/100) 



*1 

42'2 

DUiUim water 

** 



28-4 

1 


(v) rnmn . — Fluid volume variation: The amount of tissue per flask was 

selected with two ends in view — ^namely, to yield an easily measurable oxygen uptake 
to conserve tissue. In general approximately 100 mgs. wet weight was considered 
«u0clent. Table 4 Indicates the Qo, for different weights of tissue. In all cases the 
volume of the medium was 8 0 mil. per flask, consequently by varying the amount of 
tissue the tlssue/volume ratio Is changed. 'Phe effect of an increase In the value of this 
factor la apparent from both Tables 4 and 6, where the departure from a linear 
relationship between Hssue weight and Qoa is marked. 
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TABLR 4. 

Tomp. 37" C, pH 7 -5. 


Wot Wt. 

TIssbo. 

i 

' 30 Mill. 

1 

1 

HI) Hln. 

00 Min. 

50 nig. 

3-7 ul. 

10-9 ul. 

10 5 til. 

too mg. 

13-4 „ 

24-4 „ 

34 5 

200 mg. 

34 0 ** 1 

f 50 1 „ 

8S*5 „ 

400 trig. 

I 74-4 „ 

134*5 „ 

100 0 „ 


Table 5 expresses the Qoa ovei* a period of 120 minutes for three tissue/volume ratios* 
of 0 18, 0 08 and 0-06, relative to three positions along the worm, viz., (1) the terminal 
posterior 10 segments, (2) the llth-20th. and (3) 2l8t'~40th. 


Table 5. 

Temp. 27" C. pH, 7 -5, 


wt. tWHUn (wt't.) 
mg. 


550 



250 

1 
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Tissiue/ vol. ratio 1 

0 

j 

■ 183 0*2 


0-()83:ke. 

• 

1 

0 0<»Oi=U 05 
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0-10 

(A,) 
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(A.) ! 
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(A.) 

O 10 
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U-20 

(B.) 

21-40 

dh) 
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(C,) 
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(C.) 

21-40 

(op 

3.5 min. 

ul, 

80*5 1 

ul. i 
74 •« : 

ul. 

55*5 

UJ. 

37*4 

ul. 

28*0 

Ul. 

17*1 

ul. 

17*4 

ul. 

17-0 

ul. 

16 2 

00 Tuln, 

128*5 i 

Hi) 5 

02*0 

64 2 

40*5 

42*0 

33*0 

34*2 

30*8 

120 mill. 

238*5 

210 3 ' 

108 0 

114*0 

84*1 

73*0 

57*3 

50*3 

53*5 


In order to minimize the variation between experiments where the tissue/volume 
ratio differs the extent of this error should be ascertained and the experimental results 
adjusted before comparison is made. Fig. 1 shows the QOa of Table 5 plotted as a 
function of time, the Qo^ expressed as ul of Og/100 mg, wet weight tissue. It can be 
readily seen that as the ratio increases beyond 0-05 the error Introduced by reducing 
results to ul/100 mg. tissue becomes considerable. 

(vi) TAviiting thickne^ss of tissue . — ^The importance of this source of error has been 
stressed by those workers concerned with tissue slice experiments; an additional factor 
may be introduced by this tissue, namely, its increase in thickness due to a contraction 
effect during the experiment. Both the limiting thickness and the increase due to 
contraction have been investigated. SqujireB of tissue, prepared as described, were 
dried carefully, weighed, and the surface area measured, from which values an 
approximate measure of thickness was obtained, assuming the tissue density to be 
unity. Table 6 gives the result for the average thickness of mixed slices from worms 
belonging to classes A^ A, and B. 


Table «. 


Size 

Ciftsa. ' 

1 

Samplcf). 

Mean Thlckneetf. 

! 

A 

t(Nl 

0-5 mm. 

A 


0*85 mm. 

B 

j 


0-22 nim. 
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TIME MINS 

Fig. 1. — Relation between Qo, expre»8ert as ul of 0^/100 mg. wet wt. of tissue, and time. 


Table 7 shows that a small increase in thickness occurs after the tissues have been 
shaken in a flask for 30 minutes. This Increase may be due to a contraction effect 
produced by the medium. 


TAJJLB 7. 


Size 

Sample 

Av. Initial 

Av, Kiiial 

1 

j Pi'rw'nUKe 

ClOM. 

No. 

ThloknetiK. 

Thlokne,»w. 

j Ineren^Ks 

i 

A 

iOO 

0:11 nrm. 

1 

0-34 «im. 

1 

1 

1 

1 


These results were then examined according to the formula devised by Warburg, 
which is claimed to yield a reliable estimate of the limiting thickness for Oa consumption 
In a given tissue, The limiting thickness d' is given by: 


where 




^8 Co 


“ 15 ~ 


Co = Concentration of Oji outside tissue. 

D r Diffusion const, for 0, in ml. at N.T.P. 

Krogh'a value for tissue at 88^C. r 1*4 x 10-* 

A = 0* consumption of tissue per unit volume and time. 
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Table 8 shows the values of d" calculated from data obtained from Tables 4 and 6. 


TAIILK 8, 


Clarts. 

Mans 

riHrtup 

Vol. 

Tl«atK* 

(c.c.). 

Tirric’ 

Mill. 

MU, of 0,. 

<r. 

A 

0 100 

O'l i 

m> 

24-4x10“* 

0-7 luni, 

A 

0 200 

0 2 

00 

88 .5 x10 ■ 

O'B mill, 

A 

*>•050 

1 

O' 05 

00 

10 'Ox 10"“ 

0*7 mm. 


If 0*6 mm. is taken to be the limiting value then the tissue used throughout should 
not be subject to diffusion limitations. Tissue from woi'ms of class was considered 
unacceptable since when the 12% contraction effect is added it tends to approach the 
limiting value when the possible error of this factor is also considered. 

(vii) Oxyyen Pressure , — The effect of an increase in oxygen concentration was 
examined in order to provide an additional check on the question of limiting thickness. 
Gas mixtures containing 20%, 70%, and 100%? oxygen were made up from commercial 
cylinders of air and pure oxygen. The results are Indicated in Table 9. 


Table o. 
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i ' 
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( 
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20% O,. 

70% (),. 
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U 
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17 1 
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1 [U ( 

L.. 
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This additional evidence suggests that no limitation due to diffusion of oxygen 
resulted from the tissue thickness used. The depression In Qo* observed in pure oxygen 
does not concern this report and will be covered in greater detail in further work. It 
was considered that any difference between the 20% and 70% values was not significant 
and that the gas phase could safely be air. 

(viii) Area of tissue squares , — The question of the relationship between the oxygen 
consumed and area of tissue square was examined. Class B worms were used and 
squares prepared of three surface area values. Table 10 indicates that a slight Inverse 
relation may exist between these factors. This appears to be to some extent a function 
of area per se as indicated by a diminution In the effect at a higher oxygen tension; 
however, an additional factor due to increase In tissue damage where the smaller squares 
are concerned may also be important. 


Table lO. 


j 

site 

ClaAK. 

Msan Area 
(inni.*). 

111 0,/Mk. total N/liowr. 

20% 0,. 

70% 0,. 

100% 0,. 


i 

m-a 

116 

17fi 

JS* 

B 

0-7 


U'7 

145 


4’3 

17*8 i 

' i 

17'» 
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In view of the dlfBcnIties involved in estimating an effect due to tissue damage in 
any quantitative manner it was the practice throughout to perform all experiments at 
a constant **tlssufe area” value. The value selected was that approximating 4 3 mm.® 
and the error Involved in preparation was of the order ± 1 mm *. . Thus if comparative 
experiments are run with similar tissue mass and similar area of tissue squares the 
posslbUlty of errors due to a function of area and tissue damage are minimized. 

(lx) Size of u^orm in rrlaiion to — Worms of the three size classes, A, B, and C, 
were taken and two tissue regions prepared from each specimen, (1) Tissue from the 
15 posterior terminal segments and (ii) tissue from the 35f.h-40th posterior segments. 
Fig, 2 indicates a variation between the groups concerned; however, it is considered 
that, although the difference between the A-worms and the two smaller may be signifi- 
cant, that between B- and C-worms Is not significant, being due to experimental error. 
Throughout this work worms of size class B have been used unless otherwise stated. 

(X) SvffrarnUit level in relation to QOg . — A variation in Qo^ was found to exist 
between the terminal posterior segments and those anterior to them. It was considered 
necessary to investigate the extent of this variation in relation to segmental level, with 
the aim to select some portion of the posterior tissue which showed a relatively constant 
QOff. Posterior tissue was prepared from a lot of 50 worms and divided into the following 
categories: 

(a) Terminal 10 segments. 

(b) 11th to 20th segments, 

(c) 21st to 36th segments. 

(d) 36th to 55th segments. 

(c) 56th to 70th segments. 

The results are indicated in Table 11 and Fig. 3. 


Tablr n. 


I (^o, ni Of,' 100 mg, w<*t wi laiit, 

i,. 


Kxp. 

1 ' 

1 II.U) ! 

1 (ft) 1 

iI-2« i 

(b) I 

! 

2i-:i5 

<0 

H5-55 

(d) 

5.5- 7(1 
(«) 

i 

I 

' 16 7 

i 12 0 



11 fl 

Ii 

17 5 

n-8 

I2-I 

Ki 0 

i(( n 

nr 

17 4 

12-1 

1M> 

12 4 

12'(( 

Mtmu 

17 2 

1 1 

1 

12U 

12-7 

n-4 


A higher Qo^ value Is observed in the terminal group of segments than In those 
anterior to them up to the level of the 70th segment, and the respiratory activity appears 
to show little variation between the 10th and 70th segment. This result is also indicated 
in Fig. 2, where the terminal group of 15 segments exhibits a higher QOa than the group 
15th“40th. In order to ensure a comparatively stable rate of oxygen consumption tissue 
for examination was taken from the 20th to the 40th segmental level unless otherwise 
stated. 

(xi) pH effect . — The QOj was Investigated over a range of pH values from 5 8 to 8*6. 
The medium used was Amphibian Ringer made up in M/100 PO^-buffer at the pH requiied, 
N/IO KaOH was added to obtain the 8*6 value. The pH was checked at the conclusion of 
each, experiment with a glass electrode. No alteration was found to have occurred. 
Fig, 4 shows the Qaj obtained plotted as a function of pH* and indicates the presence of a 
plateau between 7*4 and 8>2 at 27^0., whereas Fig, 5 shows the optimum shifted to a 
lower value as the temperature increased. These results indicated that the pH should 
be maintained at 7*4 to 7-5 throughout the work. 
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(xil) Temperature effect . — Experiments were carried out over a range from 16®C. 
to 40® C., the duration of an experiment being 90 minutes. At 40*C* no drop in the 
respiratory rate had occurred. Fig. 6 summarizes these observations. 'The effect on Qo, 
over the above range In relation to previous environmental temperatures was examined. 
Worms were kept at room temperature (20®C.**23®C.). at 25® C. and at 28 ®C. No variation 
in j^esuUs was noticed, so that any error arising from the tact that the organisms were 
not maintained in an environment of constant temperature was negligible; however, in 
the experiments to follow dealing with the regenerating tissue the worm population and 
the experimental lots were maintained at 27®C. 




Fig. 2.-^QOj, plotted against time for three size clasaes. A, B. C, and two tissue regions. 

O termhiHl 15 segmentH 4 — 15th to 40th post, segments. 

Fig, 3. — Histogram prepared from Table H relating QOj, and position of tissue (as segment 
No.) on the worm. 

Fig. 4. — QOj, as ul. t\/100 mg. wei wt. of tissue as a function of pH. 

(xiii) Expression of results . — Results are expressed as ul of 0.j consumed by 100 mg. 
wet weight of tissue and in some cases the Qo, Is related to total nitrogen. In conse- 
quence of this a number of estimations were carried out In which the relationship 
between Wet Weight, Dry Weight and Total N was ascertained. The relatiojn between 
Wet Weight and Dry Weight may be expressed by the regression equation y r: 6 + 6‘lx 
where x and y are dry and wet weight respectively; and that between Dry Weight and 
Total Nitrogen by the equation y =: -^*2 h 12*6x where x represents Total Nitrogen. 

(xlv) Estimation of Total Nitrogen . — Total Nitrogen was estimated In the fallowing 
manner: At the conclusion of an experiment the KOH-paper was removed from the 
respirometer flask and any excess KOH neutralized by addition of a few drops of 
sulphuric acid (approximately B0%). The flask contents were then washed Into a 
one-inch diameter boiling tube. The tubes were then placed upright In an oven and 
the contents evaporated to dryness; 0*5 ml. of 50% sulphuric acid, together with several 
drops of hydrogen peroxide, were then added and the contenta digested over a small 
flame for 80 minutes. The digest was then washed into a 100 ml. volumetric flask made 
up to TOO ml. and set aside for analysis. 
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The analyBis carried out was a typical Nesslerlzation followed by colorimetric 
comparison with a standard. 

End<kienou8 Oxygen Consumption Following Injukv, 

(i) Qo.^ following injury at the SOth segmental level, — Approximately 300 worms 
were selected; 160 were injured by cutting olT the posterior 30 segments; 160 remained 
uninjured. Each lot was returned to a separate container filled with similar moist 
earth and maintained at 27‘"C. At periods of 24 hours, 72 hours, and 168 hours a sample 
of 30 specimens was taken at random from each lot and tissue prepared. The tissue of 
the regenerating portion consisted of the terminal 6 segments as less was difficult to 
prepare rapidly. Consequently as the worms regenerated a higher percentage of the 
tissue taken consisted of regenerate. At 24 hours about 10% wet weight was regenerate, 
at 48 hours about 30%, at 72 hours 50% and at 168 hours approximately 70S0%. These 
figures were obtained by previously examining regenerating worms and weighing the 
apparently new tissue formed, hence may involve considerable error as in the early 
stage much may be mucus or damaged tissue rather than new tissue and in the later 
stages a low estimate may occur following difficulty in distinguishing the regenerating 
tissue. However these estimates are given mainly as an indication of the relative 
amounts of tissue In the sample. 

Two tissue portions wei-e taken from the normal uninjured worms: (1) the 
terminal 10 segments and (2) the tissue from the 30th to 40th levels. The normal tissue 
was included so as to Indicate possible change In Qog following the injury and to enable 
comparison to be made between the two normal levels of oxygen uptake and that accom- 
panying regenerative activity. The results obtained are given in Table 12, the Qo^ 
expressed as ul of 0, per mg. total niti*ogen, and in Fig. 7, where Qo^ is represented 
as a function of time. 
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H w Tissue firom regenerating ixirtlon iujured earthworm. 
Ni^'Ti&ww from 30th-40th »eg». normal worm. 

N,»=Tl88Ue from O-TOth aegs. normal worm. 


(11) JSndogmous QOg and effect of prcAnous injury. — With further work In view it 
was felt necessary to consider the possibility of variation arising as a function of 
previous, recent Injury, The experiment was arranged so that two periods, 48 hours 
and 72 hours following injury, were studied. Each period contained the following 
groups: 

(o) Worms regenerating at the 80th segmental level for first time. 

(6) Worms regenerating at the 30th segmental level following a previous injury at 
that level 43 hours before section, 

(c) Worms regenerating at the 30th segmental level following two previous injuries 
at Utiat level 48 hours apart and 48 hours prior to section. 

By the 80th segment Is understood the original segmental level of the first injury. 
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The results are indicated In Table 13, and are referred to 100 mg, wet weight of 
tissue. 


Tauik i:i. 
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Time 

(min.). 
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Ifrw. After Injury. 

72 
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1 
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i 
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I.^ 
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1 

1 '1 1 
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4 1 

f> 11 

.'il* 

r/*7 

tut 

,..H 1 

1 

11*7 

U-9 

HI 
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(lii) Endogenous Qo^ in tissue adjacent to mjurp . — Worms injured 72 hours previous 
to the ex|>eriment were used. Three portions of tissue were taken from the injured 
worms: 

(rt) Terminal regenerating portions to approximately the 5th segment. 

(h) Adjacent tissue from 6th to 10th segment, 

(c) Tissue from between 40th and 60th segments. 

The results are expressed as ul of per 100 mg. w(d weight and are tabulated in 
Table 14. 


TAStK U. 


Worm 1 

Tiusue. 

SeUIlKMilrt. 

15 Mhi. 

80 Min. 

00 Min. 

1 

Injured . . ’ 

5 

i 

I 1*2 ' 

6-9 

U-2 


ft- 10 

1-6 

8*2 

0 5 


80 40 

2 2 

4H 

10 0 

mdniured 

O-IO 

1-7 

3 5 

12-3 


3(W40 

28 

— . 

0'7 


Fig. 8 Indicates the increase in QOg occurring in both the terminal segments of the 
normal worm and In the regenerating portion o( the injured, compared with the lower 
value for tissue adjacent to the injury which exhibits a similar activity to the 30th“40th 
level on the normal worm. 


DiSCUesXON OF Rksults. 

An attempt has been made to establish experimental procedure for the examination 
of this particular tissue in order to facilitate further work on this project. The experi- 
ments reporttKi are rather to indicate possible sources of variation and the extent of the 
error Involved when comparisons are to be made, than to present a detailed examination 
of the factors concerned per se. 

The apparent gradual increase in the Qo^ of the regenerating portion from the 
relatively low value typical of the 40th segmental level to the higher value exhibited 
by the normal terminal segments may be due either to a gradual increase In the 
metabolic rate of the tissue with time or to an Increase in the percentage of tissue 
characterized by a higher QOv, in the sample. If a large proportion of the tissue 
obtained shows a low Qo* value relative to that exhibited by the actual reg^erate then 
any increase due to t*egenerating tissue would be moderated if <mly a small proportion 
of the latter tissue was present Table 14 and Fig. 8 suggest that the latter exidangiton 
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Fig. 5. — QOj. plotted aa a funcllon (it pH at temperaturea 18°C., 28®C., ;t8''C. 

Fig. (i. Qo. plotttid a« a function of tomperaturo over a range from m“C. to 40'*C. 

Fig. 7.— Showing the rolaiionahip betwaon the respiratory activity of uninjured tissue at 
two levels. N, — level of 30th*40th seg., — terminal post, tissue and regenerating tissue at 
30th segmental level. R, over a period of 168 hours. 

Fig. 8. —Respiratory activity of uninjured tissue, regenerating tissue and tissue adjacent 
to iniury. 

is possible and that tissue at the 40tk segmental level is transformed from one of a 
relatively low QO:, to one chamcteristic of terminal growing tissue. The question then 
to be considered is the rate at which this transformation takes place. Taking into 
account the approximate proportion of regenerate In the sample it would appear that 
little difference occurs during the first 30 hours but that after this period the apparent 
transformation time is increased 'by the depressing effect of uninjured tissue present 
In the sample. When it is considered that the regenerating tissue is formed rapidly in 
response to Injuiy and that organization and growth are superimposed upon the initial 
cellular mass* it is reasonable to expect an Increase in metabolic activity and, provided 
that the metabolic pathways are predominantly aerobic, an increase in Qo^ should occur. 
The question of the effect of previous Injury is one which is being considered in more 
detail, especially in relation to food storage and starvation. Table 13 was included to 
show that ih well fed worms recent injury was not an important source of variation 
within the limits of the experiment described. 

The increase In oxygen consumption appears to be related to a large extent to an 
increase in total dehydrogenase and in particular to succinic dehydrogenase; however, 
this work IB as yet incomplete and will he reported later. 
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Summary of Rebijltb, 

(i) The enOogenouB oxygon uptake exhibited by posterior muscle tissue in the earth- 
worm Allolobophora sp. has been investigated. 

(ii) Possible sources ot variation due to experimental technique have been examined 
and an indication given of the optimal experimental conditions for this tissue. 

(iii) The terminal posterior segments have been shown to maintain a higher Qoa 
than those anterior to them and that the Q03 of regenerating tissue at a level of low value 
increases towards the higher value as regeneration proceeds, 

(Iv) The effect of previous recent Injury was found to be slight and of no great 
significance, relative to the work concerned. 
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RESISTANCE TO BARLEV LEAF RUST {FVCVINIA A^OMALA ROST.) * 
By I. A. Watson and F, C. Butlkb. 

[Head 24th September, 1947.] 


Intboouction. 

Although considerable work has been done on the genetics of barley in the United 
States, little is known of the way in which resistance to leaf rust (Puccinia unomcla) 
is inherited. Studies have been made of the reactions of barley varieties to this disease, 
but, as far as the writers are aware, it is not known whether an allelic series of genes 
controls the different types of resistance that have been found or whether several loci 
are Involved. In this country the only reported work dealing with the genetics of 
resistance to barley leaf rust was done by Waterhouse (1927). and he found simple 
monofactorial segregations In crosses between resistant and susceptible types. 

The disease is not of economic importance in New South Wales. It occurs commonly 
along the eastern coast but never reaches epiphytotic proportions in the main barley 
growing areas of the State. Hence this study was not connected with any breeding 
project but was undertaken to determine whether the occurrence of several factors for 
resistance to barley mildew, Eryaiphe gra^ninin Hordei^ as found by Briggs and his 
colleagues in California, was paralleled by a similar group for resistance to P. anomala. 
This paper presents our preliminary results. 

Vaiuktal Reactions. 

Throughout the work the same rust culture was used as that previously reported 
upon (Waterhouse, 1927). At the time when this latter work was done no set of 
differential varieties had been established for the identification of physiological races 
of P. anomala. In 1939 d’Oliveira published a list of eleven varieties which served to 
distinguish between the 30 races that had been isolated In Europe up till that time. 
Through the courtesy of Dr. d’Oliveira, who kindly supplied us with seed, we have been 
able to compare certain Australian cultures with those occurring elsewhere. 

The work that was done earlier suggested that more than one race of P, anomala is 
present here. Waterhouse (1927) found Hordeum murinuni (Hordeum Itporinum) to 
be resistant. Later (1929) *he listed this same species as susceptible, and the logical 
explanation is that two different physiological races were involved when these tests 
were made, although variation in the host plant could have caused a similar result. We 
have tested collections of this organism on the above grass and so far have been unable 
to detect any differences between them. Hordeum teporinum has proved immune in all 
tests. 

When d"011veira*s varicftles were inoculated the following reactions were obtained 
with rust collections from Werrlbee, Victoria; lAwes, Queensland; Wingen and Muswell- 
brook, N.S.W. The figures represent the usual designations used in cereal leaf rust 
atttfites and are comparable with d’Oliveira’s own descriptions (see Table 1). 

In some of these varieties It was apparent that the seed was hot pure for Its 
reactions to these collections of rust. H* vvXgare specialc, Aegyptlsche 4-aeilige and 
Oderhruoker were outstanding In this regard. There was clear evidence of both resistant 

* Thill ;pat>er i« the result of research work oarried out In the Faculty of Agriculture, the 
-"University Of Sydney. 
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tABl<a 1. 


Variety. 

S.V. Aooeiwimi 
Number, 

Ru«t 

Eeaotion. 

BnistedtV Schladetier 

B244 

0. 1 

Hon^eam tnU(faf$ gpedtUe 

Bm 

0, 1, 2. 4 

Friedilchflwertiwr Berg Wlntcrgcwto 

B246 

4 

AustraliBche Keoka 

B247 

0, 1 

LlchtlB I^ohtaler . . . 

B248 

4 

Samaria 4^zeillgc 

B240 

4 

Bordeum vtUffare poUidum 

B2IM) 

4 

AcsgypWachc 4-aeIHgo somnwrgewtc 

B251 

0, 1, 2, 4 

Quinn C.I. 1024 

B252 

0, 1. 2 

Bolivia CJ. 1257 

B25U 

0, 1 

Udorbnitikyr C.I, 040 

B254 

0, 1 


and susceptible plants in the pots of these varieties. H, vulgar v ttpeciale and Aegyptlsche 
4-zellige had approximately the same number of resistant and susceptible plants and they 
are accordingly designated 0, 1, 2» 4, Oderbrucker, although it contained a mixture of 
types, was In the main susceptible. Seed of Oderbrucker C.1. 940 which we had on hand, 
however, was uniformly resistant to rust and consequently the reaction has been left as 
0, 1, although the seed from Portugal did not give precisely this reaction. The four 
collections that were compared on this series of varieties were also studied on other 
varieties listed by d^OUveira. The reactions were (see Table 2): 


TasiiK 2. 


Variety. 

8.U. A{5coH8ion 
Numl>ef. 

Huat 

lU^acUon. 

Hufdmtn hi^xmtichum mryfcpU 



B25i) 

4 

„ „ fecm$.. 



B 25« 

0, 1. 2 

Ackprmnun*« Biivarla 



B 257 

4 

Featlicwtim CJ. 1120 



B25g 

0, 1 

Malting C.I. 1120 



B 259 

0, 1 

Hanna CM. 000 



B200 

4 

Jullaca CJ. 1114 



B2ftX 

1 

0, 1 


The above results, together with those given earlier, indicate that these coUecttons 
of rust represent a physiological race unlike any of the 20 reported from Europe. In 
addition they have been found to differ from the races 1 and 2 given by Mains (1932) 
for U.8.A. In order to compare the race to which these collections belong, with races 
from overseas, we have tested all the barley varieties that have been added to the 
University accession lists since the time of Waterhouse’s import in 1927. Unfortunately 
no Held results are available, but the following classilloation will serve to indicate 
seedling reactions to our collections of leaf rust. Uertaln varieties listed above are 
given for comparison in Table 8. 

Among the varieties listed as resistant there is a considerable amount of variation, 
but in all cases the reaction is one where much flecking results and no fully susceptible 
pustules are formed. Those varieties given as moderately resistant can Show quite a 
considerable development of rust. On the same leaf, however, there may be Inter- 
mingled flecks (;) and 2- reactions and in isolated cases a pustule will develop ivhtch 
is Indistinguishable from a fully susceptible type. However^ when one >ecomes 
familiar with the varieties and their rust reaction there is seldom any doubt about Ihe 
group for any particular variety. 
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TABVR 8 . 


RctiUtani 

S.U, 

AcceMHlon 

Number. 

Moderately liesUtant. 

8,11. 

Awjwwlfju 

Number, 

SujMjoptlblc. 

S.U. 

Accession 

Number. 

Fonthemton 

B129 

Abynidnlan 

B 158 

Abyssinian 

B 124 

Oderbruolcer C.l. 040 

B J30 

TonumHde Winter 

B 101 

Atbos , . 

B 125 

Odflrtinickflr C.I. ».^>7 

B 131 

Bon BoardloRR . . 

B162 

Club Hybrid . . 

B 126 

Uaiuimed C.t. 1347 

B132 

017 

B 173 

Gulmalaya 

B 127 

MalUng 0.1., 1129 

B 133 

Kwan 

B174 

Smooth Awn x Beard- 


MHnotmrtA 0.1. 2330 , . 

B134 

Weldor 

B176 

less X Heka , . 

B 128 

Spring C,l. 710 

B135 

Arc(piipa C.l. 1256 

B1ft8 

Goldfoll 

B 167 

Horaford C.l. 607 

B 130 

Cftllas C.l. 240 . . 

B138 

Hanna 

B 108 

Howford O.I. 877 

B137 

Mecknoa Morcko O.I. 1379 

B 139 

B<d. 2971 

B 171 

Suof^ess 

11140 

Peruvian C.l. 936 

BUO 

Peatland . . 

B 176 

VoArl 

B148 

Quinn O.I. 1024 

BUI 

Nlgrlnudurn , . 

B 178 

B^Ardta 

H 181) 

Bolivia C.l. 1267 

B U2 

Compana 

B J86 

Glftbron C.l, 4677 

B 196 

TTnnamod 0.1. 2829 . . 

BUS 

Atlas X Vaughn 

B187 

CfdwtwM IV 

B212 

.hiUaoA O.I. 1114 

B 144 

. Gallfoniiau Marlout. 


OoUeaa V 

B213 

Deputy 

B145 

O.I. 3016 , . 

B ion 

Afghanhtan 

B221 

Argentine 

BUO 

Chevron C.T. IVll .. 

B 101 

Scliladener 

B242 

O.A.C. 7 

B 150 

Charlottetown 80 

B 102 



Kami 

B151 

Comfort C.I. 2488 . . 

B 193 



Algerian 

Bia2 

Golden Pheasant 

B 190 



Beltll 

B153 

iieiorrinohnin . . 

B 197 



Coast 

B 164 

Nowal 

B 198 



PorfcugHflRo 

» 155 

KegoJ 

B190 

1 


Smooth Awn x Hfka . . 

B 156 

Velvet 

B 203 

1 

1 

1 

Sulu C.I. 1022 

B200 

Vaughn 

B204 


1 

Success 

B 201 

Wisconsin 38 . . 

B 205 



Trcbl 

B2()2 

NIgiinudum I . . 

B200 



Coast n , . . . 

B210 

NiidldeSoicns . . . . 

B 207 





Minn. 72-8 . . 

B208 





Mino. 84-7 

B200 





Coast in 

B211 





Holtmann's Surprise .. 

B222 


i 



Black Hiilless . , 

B224 





Hanna 

B225 





BoUherikI 

B227 





Barbless 

B 230 





Male sterile 

B231 





Gymnoapermum 

B233 





Kagawuless 

B234 





Triple Beardwl Mariout 

B 235 





TrobI 4 

B237 


1 



Egypt 

B 238 





Austral 

B239 





Berg 

B 240 





Samaria 

» 243 


iNHEBITANOE StUDIRB, 

Two Of the varieties Hated by Waterhouse (1927) have been mainly considered In 
this work. They are Minn. II 21.15 Smooth Awn x Manchuria and No. 22. Seedlings 
of Nb. 22 under glass-house conditions at Sydney are not as resistant to leaf rust as 
those of Minn. II 21.16. The reaction of the latter la almost always characterised by 
the sharpest flecks, that of No. 22 varies from place to place on the leaf from a fleck ( ; ) 
to a 2- reaction. This range, for convenience, has been designated an X type. This 
dtfl!erence< in the resistant reaction to leaf rust suggested that the character might be 
ooiatroUed by a non^aUellc series of genes, as has been found for different types of 
rasietanoe to friiM in the Kenya varletleB of T. vulgare, (Watson and 

^^tei^houae, 19^.) 

above barley varieties have been crossed with susceptible types and each 
lias been fbdhd to possess a single major gene which dlfrerentlates its particular type of 
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resistance from susceptibility. Smooth Awn x Manchuria and No. 22 were accordingly 
crossed together reciprocally, and as no difference was shown, both this cross and its 
reciprocal are considered together. The grains resulting from crossing were divided, 
some were grown at the Oowra £lxperiment Farm and others at the University of Sydney. 
These latter were tested as seedlings for their reaction to leaf rust and the reaction of 
Minn. II 21.16 was dominant. Seedlings of a small Ft population of 101 plants were 
tested for leaf rust reaction in 1944 and later were transplanted to the held, the remaining 
Ft grain was grown at Hawkeabury Agricultural College. Of the 101 F* plants that were 
inoculated, two escaped Infection, 76 gave* flecks, 16 gave an X reaction and 7 were fully 
susceptible. No rust developed on the Fa plants in the field at Richmond on account 
of the drought that prevailed in 1944. 

Both batches, the classified material from the University and the unclassified from 
Richmond, were grown in duplicate pots and tested with rust as F« progenies In 1946. 
Only 66 of the 101 tested F, plants produced progenies and the behaviour of these was 
as in Table 4. 


Tablk 4. 


F* llc‘ftrtlon. j 

F, lUmctlon. 

BreertlnR Result. 

Type of Reaction. 

; X 4 

HomoeyRcnw 


la 

SfngTftgatlng 

X. 4 

17 

Begregnthig 

: and X 


HomrjzyRoiw 

X 

1 a 

SegregAtlnR 

X and 4 

2 « 3 

Si^grogatiug 

; and 4 

2 

Homozygouw . . . . . . . . : 

4 

2 

TotRl 

- 

6a 0 a 


These figures, although not large, can be explained on the assumption that the two 
single factors possessed by these two varieties are not allelic and are inherited 
independently. On the basis of the reaction of the Pi plants the resistance of Minn, II 
21.16 is epistatlc to that of No. 22. Of the 16 plants of the X type only 9 produced an Fj, 
progeny. If these plants carry the factor of No. 22 either in the heterozygous or 
homozygous condition, then one plant in three should be homozygous for the X reaction 
and two should segregate for the X reaction and complete susceptibility. The results 
observed with these nine progenies fit the expectancy well. According to this explanation 
the double recessive genotype which produced susceptible plants in P, should give 
homozygous susceptible plants in Fo. One progeny segregated tor the X reaction and 
apparently this plant was wrongly classified in P*. 

On the suggestion of Dr. D. W. Robertson the single factor for resistance which is 
present in Minn. II 21.16 and which glv^s plants with sharp flecks, has been designated 
Pa,. The one possessed by No. 22, which allows some rust to develop^ is Pag/ If these 
factors are indei>endent and show the dominance relations given above, the expected 
phenotype In F, and Us F, progeny would be as In Table 6. 

The ratio of 76:16:7 which was obtained on 99 F, plants agrees reasonably well 
with the 12:3:1 which would be expected. Further data to support this explanaildn 
were obtained when rust reactions Were observed on 179 additional F« progeny arialng 
from planU which were grown at Richmond and were iinclassifled in the F| generatlosL 
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ass 


TASX» 5. 


Ft Genotype. 

Kxpeoted F, 
Phenotype. 

Reaction 

Type. 

Mxpected F, 
SegtegatUm. 

Eeaotlon 

Typo. 

PSt PAi Pat PAt . . 

EeAlitant. 

V 

Honkoaygooa 

reelatant. 


PA| Pa* Pa, pa, 


p 

Homosygona 

realatant. 

* 

Pa, PA* Pa, Pa, . . 


; 

Segregating. 

; and X 

Pa, pa, Pa, pa. 


; 

Segregating. 

X. 4 

Pa, Pa, pa, pa, 

» 

1 

Homoxygoua 

rentstant. 

* 

Pa, pA, pA, pa. 

tP 


Begrogatlng. 

; and 4 

pa, pa, Pa, Pa, 

Moderately 

reetatant. 

X 

1 

Honiusygoua 

realatant 

X 

pa, pa. Pa, pa. 

Moderately 

reHiatant. 

X 1 

Segregating. 

X and 4 

pa, pa, po, pA, 

Suaoeptlble. 

4 

Hoinoaygoua 

eiiacoptlblo. 

4 


When the two groupe of 65 and 170 were pooled the classltioation resulted as shown 
in Table 6. 


Tabui 6. 


F, Beaction. 

Reaction 

Type. 

Expectancy 
in }d. 

Observed. 

Expected. 

Homoaygoua rofiistaiit 

> 

4 

07 

68.7600 

Segregating 

; and X 

2 

31} 

29.3750 

Segregating 

; and 4 

2 

is 

29.3750 

Segregating all typea 

b X, 4 

4 

05 

68.7500 

Hotnosygona 

X 

1 

18 

14.6875 

Segregating 

X and 4 

2 

35 

29.3760 

IfomoaygouB suaecptlhie 

4 

1 

13 

14.6875 

Total 

! 

16 

235 

2350000 


When X* id calculated the value of 0*868 ie found to have a probability between 
0*20 and 010. From these data then It appears that both varieties are resistant to leaf 
rust, one Is highly resistant, the other moderately resistant, a single major factor Is 
present in both parents but the factors are inherited Independently in crosses between 
them. Their rust reaction and proposed genotype would be as follows: 



Bust 


Parent. 

Eeactton. 


' 

Smooth Awn x Manchuria ...... . , i 

Eeatstant. 

Fa, Pa, pa, pa. 

iTo, «2 

Moderately 

P«i Pfti Pa, Pa, 

j 

realatant. 



AMoeiaHm ioith Other Oharticters. 

The Unliage relations of these twe. f^nes afe at present under investigation. A 
numb^ of crosses mde in vthis conn^^ but the genes so far have been 
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found to be inherited Independently of aU ^tliOBe other eharactera eo far studied. In 
the oroBB studied here, for example, Minn. II 21.15 haa smooth awna, short rachilla hairs 
and Is susceptible to race 3 of powdery mildew (Mryt^iphe graminU Hordci); No. 22 
has rough awns, long raehlUa hairs and la moderately resistant to powdery mildew. In 
order to determine whether there waa any association between characters the awn 
indices of roughness of both the parents and F^, plants were found by the method 
described by Hayes et al, (1923). The results confirmed the two factor difference for 
roughness of awn already reported by other workers. The breeding behaviour of Fa 
lines for resistance and susceptibility t5 rust was compared with awn character as in 
the following table, where 243 P* plants classified for their awn index were tested as Fj, 
lines for rust reaction. 



F 

* Awn 

1 

! 

llouuli. 

1 

InU'nrM“tllat<? 

HouRh. 

Smooitt, 


or 

171 1 

Hi 

U 

F, rust reftrtlon. 






1 SUHf!l»ptU»lO 

U 

4 

0 

Total 


47 

n 


X* for independence gave a P value 0'B0~0*70 and the characters were considered to 
be Independent. 

Similar classifications were made for other characters and none of them revealed 
any association with leaf rust resistance. The following table summarizes the P values 
that were obtained (Table 7); 


TABT.S 7. 


Characters. 

; Xumlior of 
Plants. 

X* 

r. 

Roughnoas of awn and nwt rodatanw 

243 

0-037 

0'WM)-70 

EachllU hairs and rust rcslatanoe . . 

24S 

0-044 

0-7(M)-80 

Powdery mildew and mat roehtanoe 

2»7 ! 

3^201 

0-B0“0'70 

EouRhnnw of awn and raohilla hairs 

mz 1 

Ifl'ltSO 

<0-001 


The association between roughness of awn and rachilla hair length was oonflrined 
but as the result was based on less than 300 plants, no linkage values are given. 

Crosses with Other Varieties, 

The parents used In this study have been crossed with several other leaf rust 
resistant varieties to determine any relationship In the resistance to this disease. la 
the crosses used although the seed setting was good, grain mites lowered the vlab^ity 
of the crossed grain between the time of harvesting and sowing and hence the F, 
populations are small. In spite of the fact that they ai« too small for fhial conclusions 
to be drawn, they are reported here gs an indlcattou of the type of 
(Table B), . ■ i 



UY I. A. WAT»ON AND F. C. BtTi^LER. 


XABX/B a. 



NumiKrr of 

PlantB. w 

Clutwliication. 

1 

Minn. 11 21.16 xVitginia Hooded C.l. 2200 

40 

All reHitftiint. 

Miun. 11 21.15 xH. dUtu^im Hmpmi iypica 

228 



Minn, n 21.15 xFoathmton 

101 



Minn. 11 21,15 X Odorbrucker C.L 940 

4B0 



Minn. 11 2Ll5xHood«d Sprins C.L 7X0 

18H 

«> 

M 

Mimi. 11 21.15 xHowford C.l. 607 

08 

if 


Virsinift Hooded C.l. 2200 x Minn. 11 21.15 

160 

f 1 


Minn. 1H4 Mnnohurln x Minn. 11 21.16 

70i 



H, typtrox Minn, n 21.15 

47 



Foatberston x Minn. XI 21.16 

808 


>» 

Od«rbnjoker CM. iUOxMlmi. 11 21.15 

486 



Brachytic chlorina nut roHUtant x H. dUti^hun Hmpmi typka 

424 



a, rimpaui x Bractiytlc eblorlna nidt n!Mi8tant 

J7. vuluare aethivpg tppica C.l. 2208 x Virginia Hooded 

118 


ff 

O.I. 2290 

201 





NunibtT. of 
PianU. 

tt. 

M. K. 

8. 

//. i^ulifare aethiopt tf/pica CM. 2208 xNt>. 22 

64 

42 

8 

4 

Virginia Hooded C.L 2209 x Ho. 22 

55 

88 

14 

8 

KtmtlumiUin X No. 22 

52 

41 

7 

4 

Oderbnioker C.l. 940 x No. 22 

52 

85 

16 

1 

No. 22 X Virginia H(N.idad C.l. 2290 

iVZ 

44 

16 

8 

No. 22 X Featiioriiton 

66 

48 

11 

2 

No. 22 X Hooded Spring O.I. 716 

60 

45 

10 

4 


A.» roal»tHUt ; M.Xl.* uiudorutoly rouiiitaut ; B., siuveptlble. 


Certain of these crosses were made without knowing the genetic nmke-up of the 
parents for rust resistance. Despite this and despite the small populations that were 
tested, the results obtained to date indicate that there are probably not a great 
number of loci Involved in conveying resistance to P. anomala. All the varieties that 
give a reaction like Minn. 11 21.16 failed to give any segregation when crossed with it. 
No, 22, on the other hand, obviously had a different type of resistance and gave segrega- 
tion in all cases where a cross was made with a variety showing the Minn. II 21.15 type of 
resistance. Observations are now being made on material in which No. 22 has been 
crossed with other varieties having a similar type of resistance. 

SUMMABY. 

Several collections of barley leaf rust have been shown to be similar, but unlike 
any of the 80 races described from Europe. Using one of these collections on Fj, F* 
and F# material of a cross II 21.16 {Smooth Awn x Manchuria) x No. 22, it was found 
that the two single factors possessed by these parents are not allelic and are inherited 
independently. The factor In II 21.16 (Smooth Awn x Manchuria) has been called Pa* 
and that in No, 22 Pa,. When Smooth Awn x Manchuria was crossed with a number of 
varieties having a similar type of resistance, no segregation occurred. It appears from 
preliminary observation that there are not many loci involved In giving resistance to 
P.onomlm 
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ABSTRACT OF PROCEEDINGS. 


OUDINARV MONTHLY MEETING. 

26th Mahcr, 1947. See p, wv, 

ORDINARY MONTHLY MEETING. 

30th April, 1947. See p. an?. 

ORDINARY MONTHLY MEETING. 

28th May. 1947. 

Dr. G. D. Osborne, President, occupied the Chair. 

Mr. R. Endean. Eastwood; Mr. L. A. S. Johnson. Cheltenham; Mrs. Pearl R. 
Messmer. Lindfleld (who had been a member of the Society from 1982 to 1943). and 
Mr. M. R. 0. Millett, B.A., Canberra. A.C.T,. were elected Ordinary Members of the 
Society. 

The Donations and Exchanges received since the previous Monthly Meeting (30th 
April, 1947), amounting to 9 Volumes, 119 Parts or Numbers, 2 Bulletins, 6 Reports 
and 4 Pamphlets, received from 25 Societies and Institutions, were laid upon the table. 

PAPISBS BEAU. 

1. Studies on the Economic Biology of the Sand Whiting {Sillago ciliata). By 
K. W. Cleland. 

2. The Calcium Content of Legume Root Nodules. By H. L. Jensen* Mucleay 
Bacteriologist to the Society. 

3. Australian Buprestidae: Notes and Description of Four New Species. By 
C. Deuquet, B.Com. 

4. Revision of Australian Lepldoptera. Oecophorldae. xlv. By A. Jefferls Turner, 
m.d:, F.R.E.S. 


NOTES AND EXHIBITS. 

Dr. J. A. Dulhunty exhibited and comm<^»ted upon a series of specimens to 
illustrate the evolution of coal. 

Mr. C. Deuquet exhibited a freak specimen of the Scarabaeid Anoplostethus opulinus 
Brull^ from Collie, south of Perth. Western Australia, in which the right half was 
reddish-brown and the left half opalescent green. Normally both sexes of this species 
may bd either entirely opalescent green or reddish-brown. 

ORDINARY MONTHLY MEETING. 

25th June, 1947, 

Dr. G. D. Osborne, President, occupied the Chair. 

Miss Enid G. Fenton. Gordon; Miss Marie E. Phillips, M.Sc., Clifton Gardens; Mls» 
Barbara V. Richards, B.Sc., Bondi Junction, and Mr. Robert E. Winkworth. Haberdeld. 
were elected Ordinary Members of the Society. 

The President announced that the Ootincil had accepted the resignation of Dr. 
N. S. Noble as Secretary of the Society In consequence of his appointment as Editpi? 
of the new scientific journals to be published by the Council for Scientific and industrial 
Research, the resignation to take effect from Sist ^^ly, i947. 

The Donations and Exchanges received aince tfie previous Monthly Mebting <28tli 
May, 1947), amounting to 3 Volumes, 28 Parts or Numbers, and 6 Bulletins, 
from 27 Societies and Institutions, were laid upon the table. 
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SYMPOSIUM. 

“THE PMYSIOtOOY OF PLANT DISEASE/’ 

Summary of Conirihutiom of Pf'incipal Bpeakers, 

1. Professor N. A. Burges: 

3oft rot diseases are associated primarily with parenchymatous tissue and are caused 
by fungi or bacteria capable of excreting ensymes which bring about disintegration of 
the tissues. In parenchyma tissue the cementing substances in the cell walls are mainly 
pectic in nature and the excreted enzymes bring about the degradation of the pec tic 
material. The products of the decomposition Include arablnose. galactose and galac- 
turonlc acid which can be utilized by the pathogen. Breakdown of the tissue, however, 
leads to rupture of the cells so that the normal contents of the parenchyma also become 
available to the pathogen. In addition to the enzymes, most soft rot organisms also 
excrete a thermostable toxin which kills the host cells. 

2. Dr. N. H. White: 

Vascular wilt Is caused by certain pathogenic species of Fumrium and VerticilHum 
fungi, and bacteria, which Invade the water-conducting tissue of plants. These pathogens 
first invade the root tissue and then penetrate to the water-conducting elements, but they 
do not destroy the roots. Once in the vascular system they bring about a series of 
physiological changes in the plant which result In Us death. Although various hypotheses 
were propounded to explain these changes (such as the utilization of nutrients and the 
plugging of the vascular tissue by the pathogen) it is now known that they result from 
the production of a toxin by the pathogen. The toxin passes up in the transpiration 
stream in the plant and increases the permeability of the cells, eventually destroying 
their plasma membranes. This effect is moat marked In the leaf tissue and brings about 
the loss of normal powers of water retention by the leaf protoplasts which results in the 
collapse of the tissue. Browning of the vascular tissue remote from the location of the 
pathogen, which Is so characteristic of vascular-wilt disease, occurs before wilt symptoms 
become apparent. These toxins are thermostable and may be produced by vascular wilt 
pathogens as well as a variety of other fungi when grown on artificial media, Filtrates 
from these cause pathological wilting in cut slioots of a variety of plants and they behave 
as antibiotic substances. In vascular wilt of tomato recent work has shown that the 
toxin responsible for pathological wilting (lycomarasmine) is a polypeptide (CoHiuOTNft). 

NOTES AND EXHIBITS. 

Mr. E. (Jheel exhibited herbarium specimens of “Tea-tree" (Leptosperimm 
florihundtim Salisb. 1796, and D. juniperinum Sm. 1797), which are united with 
it. scopariwm by Bentham, Fh Aunt., 1866, During a visit to New Zealand he collected 
specimens of the true i. saoparium Forst. (Char. Oen., p. 72, Tab. 36, 1776), and several 
named varieties cultivated by nurserymen, which are quite distinct from the so-called 
i. s<}oparium recorded for Australia. Seedling plants raised from seeds from plants 
collected in National Park, near Sydney, and from Blackman’s Bay, Tasmania, collected 
by Dr. H* D. Gordon, were also exhibited for comparison. Lcptospernium per«tci/lor«in 
Keichb. 1936, which is quite common on the north side of Sydney Harbour, is also 
Included under i, soopariuui by Bentham, and Is Illustrated in Bat. Map., at Tab. 3419, 
as i. scopanww var. prandiflorum. It has been cultivated at Ashfleld and Hill Top, 
h^.S.W. It flowers quite freely at Hill Top, but although it produced vigorous growth at 
Ashfleld, the plant eventualy died. Specimens of Melaleuca viridiflora Gaertn., cultivated 
at Concord West, raised from seed collected at Evans Head, were also exhibited. 


ORDINABY MONTHLY MEETING. 
30tb July, 1947. 

Dr, 0. D. Osborne. President, occupied the Chair. 


MhiiS Peto Bosevltle: Mr. A. B. Costin, Roseville, and Mr. 

lohn T. Waterhouw, B:Sc„ University of Sydney, were elected Ordinary Members of the 
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The President, on behalf of members, offered congratulations to Miss June Lascelles, 
M.Sc., on her award of an 1861 Exhibition Scholarship. 

The President referred to the death, on 18th July, 1947, of Mr. T. H. Pincombe. B.A., 
who had been a member of the Society since 1920. 

The Donations and Exchanges received since the previous Monthly Meeting (26th 
June, 1947), amounting to 5 Volumes, 91 Parts or Numbers, 6 Bulletins and 2 Pamphlets, 
received from 36 Societies and Institutions and 3 private donor, were laid upon 
the table. 

PAmSHS KEA0. 

1. Some Observations on the Cytology of Oogenesis in the Sydney Hock Oyster 
iOfitrea contmercialu I. & H.). By K. W. Cleland. 

2. On Fossil Leaves (Oleaceao) and a New Type of Fossil Pollen Grain from 
Australian Brown Coal Deposits. By Isabel C. Cookson, D.Sc. (Communicated hy Dr. 
W. R. Brotvne,) 

3. Fossil Fungi from Tertiary Deposits In the Southern Hemisphere. Part i. By 
Isabel C. Cookson, D.Sc. (Coynmunicatcd hy Dr. W. H. Broumc.) 

4. The Dlptera of the Territory of New Guinea, xiv. Family Tabanidae, Part ii. 
Pangoniinae, except the Genus Chrysops. By H. Oldroyd, M.A., F.R.E.S. (ComniunicateA 
hi/ Dr. G. A. M. Hey don.) 

6. Miscellaneous Notes on Australian Dlptera. xiii. The Orjgin of the Vena Spuria. 
By G. H. Hardy. 

6. Petrological Studies in the Ordovician of New South Wales, iv. The Northern 
Extension of the North-east Victorian Metamorphic Complex. By Germaine A. Joplin, 
B.Se., Ph.D. 


ORDINARY MONTHLY MEETING. 

24th Ski'tkmbeh, 1947.* 

Dr. 0. D. Osborne, President, in the Chair. 

The President introduced Dr. Dorothy Carroll, who had recently been appointed 
Secretary of the Society. 

Dr. 8. J. Paramonov, Canberra, A.C.T., and Mrs. Judith Wind ridge, B.Sc., Neutral 
Bay, were elected Ordinary Members of the Society. 

The President announced that the Council is prepared to receive applications for 
Linnean Macleay Fellowships tenable for one year from lat January , 194^, from 
qualiiled candidates. Applications should be lodged with the Secretary not Tate r than 
Wednesday, 5th November, 1947. 

The Donations and Exchanges received since the previous Monthly Meeting (30th 
July, 1947), amounting to 89 Volumes, 196 Parts or Numbers, 14 Bulletins, 7 Reports 
and 2 Pamphlets, received from 66 Societies and Institutions, were laid upon the table. 

PAFKR8 HEAD. 

1. On AuBtrallan Coleoptera. Part I. By J. W. T. Armstrong. 

2. Larval Smarldldae (Acarina) from Australia and New Zealand. By H. V. 
Southcotl, M.B., B.S. 

3. Studies in the Metabolism of Normal and Regenerative Tissue of the Earthworm. 
By B. R. A. O’Brien. 

4. A Review of the Genus Dendrohium (Orchidaceae) in Australia. By the Rev, 
H. M. R. Rupp, B.A., and Trevor E. Hunt. 

NOTES AND EXHIBITS. 

The Rev. H. M. R. Rupp exhibited two orchids: Pierostylis Mitcheltii Lindl., and 
Barcanthus Beclcleri (F. Muell.) Rupp, collected at Castle Hill and National Park 
respectively. 

An account of the Perth Meeting of the Australian apd New Zealand Association 
for the Advancement of Science was given by Dr. A. B. Walkom. 

♦No meeting of the Society was held in August* 1947. 
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ORDINARY MONTHLY MEKTING, 

29th OeroBER, 1947, 

Dr. G. D. Osborne in the Chair, 

Dr. Dorothy Carroll was elected an Ordinary Member of the Society. 

The President announced that the Council is prepared to receive applications for 
Llnnean Macleay Fellowships tenable for one year from Ist January, 1948, from qualihed 
candidates. Applications should be lodged with the Secretary not later than Wednesday, 
6th November, 1947. 

The President announced the issue of a Proclamation under the provisions of the 
Wild Flowers and Native Plants Protection Act, 1927-1946, protecting certain wild 
flowers and native plants for a further period of three years from 1st July, 1947. 

The President also announced that the Society had received an Invitation for its 
members to become members of the American Polar Society. 

The Donations and Exchanges received since the pi^evious Monthly Meeting (24th 
September, 1947), amounting to 20 Volumes, 55 Parts or Numbers, 7 Bulletins and 
1 Pamphlet, received from 42 Societies and Institutioiis and 1 private donor, were laid 
upon the table. 


PAPERS READ. 

1. A New Species of i^trongyluris (Nematoda) from the Stomach of a Lizard, 
Diporiphora uuHtraUa. By P. D. Harwood. (^Vominunivaivd hy Dr. G. A. M. Heydon.) 

2. Resistance to Barley Leaf Rust (Pucrinia anomala Rost.). By I. A. Watson and 
F. C. Butler. 

3. Australasian Ceratopogonidae (DJptera, Nematocera). Part I. Relation to 
Disease, Biology, General Characters and Generic Classification of the Family, with a 
Note on the Genus Ct’ratopogon. By D. J. Lee, B.Sc, 

4. Australasian Ceratopogonidae (Diptera, Nematocera). Part 11. The Leptoconops 
Group of Genera. By D. J. Lee, B.Sc, 

6. Australasian Ceratopogonidae (Diptera, Nematocera). Part 111. The Bezzia 
Group of Genera, By D. J. Lee, B.Sc. 

6. Australasian Ceratopogonidae (Diptera, Nematocera). Part IV. The Sltilohezzia 
Group of Genera, By D. J. Lee, B.Sc. 

7. Nitrogen Fixation in Leguminous Plants, VII. The Nitrogemllxing Activity of 
Root Nodule Tissue in Medicago and Trifolium. By H. L. Jensen, Macleay Bacteriologist 
to the Society. 

Dr. Ida Brown gave a talk, illustrated with numerous photographs, on "Some 
Palaeontological Research in the United States of America". 

ORDINARY MONTHLY MEETING. 

26th November, 1947. 

Dr. G. D. Osborne, President, in the Chair. 

The President announced that the Council had appointed Miss Muriel C. Morris, 
B.Sc. (Hons.), to a Llnnean Macleay Fellowship In Zoology and Miss Mary D. Tlndale, 
M.Sc., to a Linnean Macleay Fellowship in Botany for 1948, 

The Donations and Exchanges received since the previous Monthly Meeting (29th 
October, 1947), amounting to 16 Volumes, 72 Parts or Numbers and 1 Bulletin, received 
from 82 Societies and Institutions and 1 private donor, were laid upon the table. 

PAPERS READ. 

1. The Influence of Molybdenum, Calcium and Agar on Nitrogen Fixation by 
Azotobacter indicum. By H. L. Jensen, formerly Macleay Bacteriologist to the Society. 

2. Slmullidae (Diptera, Nematocera) from New Guinea, with the Description of 
One New Species. By R. H. Wharton, B.Sc. 

Lecture: Mr. F, D, McCarthy gave a lecture on "Prehistoric Cultures of Australia", 
and exhibited a number of stone Implements of various cultures to illustrate hts lecture. 
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Hporldae) . . _ . . , . _ 7 
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